PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
C07D 401706, A61K 31/44 



Al 



(11) International Publication Number: WO 96/40679 

(43) International Publication Date: 19 December 1996 (19.12.96) 



(21) International Application Number: PCT/US96/09816 

(22) International Filing Date: 7 June 1996 (07.06.96) 



(30) Priority Data: 

08/481,024 



7 June 1995 (07.06.95) 



US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



08/481,024 (CIP) 
7 June 1995 (07.06.95) 



(71) Applicant (for all designated States except US): RH6NE- 

POULENC RORER PHARMACEUTICALS INC. [US/US]; 
Legal-Patents, Mail Drop #3C43, P.O. Box 5093, Col- 
legeville, PA 19426-0997 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): EWING, William, R. 
[US/US]; 805 Graystone Lane, Downingtown, PA 19335 
(US). BECKER, Michael, R. [US/US]; 62 Church Road, 
Norristown, PA 19401 (US). PAULS, Henry, W. [CA/US]; 
3770 Worthington Circle, Collegeville, PA 19426 (US). CH- 
ENEY, Daniel, L. [US/US]; 836 Locust Street, Collegeville, 
PA 19426 (US). MASON, Jonathan, Stephen [GB/US]; 8 



Foxcroft Lane, Phoenixville, PA 19460 (US). SPADA, Al- 
fred, P. [US/US]; 473 Painter Way, Lansdale, PA 19446 
(US). CHOI-SLEDESKI, Yong, Mi [US/US]; 5 Dana Drive, 
Collegeville, PA 19426 (US). 

(74) Agents: PARKER, Raymond, S. et al.; Rh6ne-Poulenc Rorer 
Pharmaceuticals Inc., Mail Drop # 3C43, P.O. Box 5093, 
Collegeville, PA 19426-0997 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, 
JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, TJ, TM, TO, IT, UA, UG, US, UZ, VN, 
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: SUBSTITUTED (SULFINIC ACID, SULFONIC ACID, SULFONYLAMINO OR SULFINYLAMINO) N- 
[(AMINOIMINOMETHYL)PHENYLALKYL]-AZAHETEROCYCLYLAMIDE COMPOUNDS 



(57) Abstract 



The compounds of formula (I) exhibit useful pharmacological activity and accordingly are incorporated into pharmaceutical 
compositions and used in the treatment of patients suffering from certain medical disorders. More especially, they are inhibitors of 
the activity of Factor Xa. The present invention is directed to compounds of formula (I), compositions containing compounds of formula 
(I), and their use, which are for treating a patient suffering from, or subject to, physiological condition which can be ameliorated by the 
administration of an inhibitor of the activity of Factor Xa. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'lvoire 


LI 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


* MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 96/40679 



PCT/US96/09816 



SUBSTITUTED (SULFINIC ACID. SULFONIC ACID. 
SULFONYLAMINO OR SULFINYLAMINCn 
N-[(AMINOIMINOMETHYnPHENYLALKYL]- 
10 AZAHETEROCYCLYLAMIDE COMPOUNDS 

This application is a continuation-in-part of U.S. patent application 
Serial No. 08/481,024, filed June 7, 1995. 

15 Field of the Invention 

The compounds of formula I exhibit useful pharmacological activity and 
accordingly are incorporated into pharmaceutical compositions and used in the 
treatment of patients suffering from certain medical disorders. More especially, 
20 they are Factor Xa inhibitors. The present invention is directed to compounds 
of formula I, compositions containing compounds of formula I, and their use, 
which are for treating a patient suffering from, or subject to, conditions which 
can be ameliorated by the administration of an inhibitor of Factor Xa. 

25 Factor Xa is the penultimate enzyme in the coagulation cascade. Both 

free factor Xa and factor Xa assembled in the prothrombinase complex (Factor 
Xa, Factor Va, calcium and phospholipid) are inhibited by compounds of 
formula I. Factor Xa inhibition is obtained by direct complex formation between 
the inhibitor and the enzyme and is therefore independent of the plasma co- 

30 factor antithrombin III. Effective factor Xa inhibition is achieved by 

administering the compounds either by oral administration, continuous 
intravenous infusion, bolus intravenous administration or any other parenteral 
rc, „• such that it achieves the desired effect of preventing the factor Xa 
induced formation of thrombin from prothrombin. 



35 



Anticoagulant therapy is indicated for the treatment and prophylaxis of a 
variety of thrombotic conditions of both the venous and arterial vasculature. In 
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the arterial system, abnormal thrombus formation is primarily associated with 
arteries of the coronary, cerebral and peripheral vasculature. The diseases 
associated with thrombotic occlusion of these vessels principally include acute 
myocardial infarction (AMI), unstable angina, thromboembolism, acute vessel 
5 closure associated with thrombolytic therapy and percutaneous transluminal 
coronary angioplasty (PTCA), transient ischemic attacks, stroke, intermittent 
claudication and bypass grafting of the coronary (CABG) or peripheral arteries. 
Chronic anticoagulant therapy may also be beneficial in preventing the vessel 
luminal narrowing (restenosis) that often occurs following PTCA and CABG, 

10 and in the maintenance of vascular access patency in long-term hemodialysis 
patients. With respect to the venous vasculature, pathologic thrombus 
formation frequently occurs in the veins of the lower extremities following 
abdominal, knee and hip surgery (deep vein thrombosis, DVT). DVT further 
predisposes the patient to a higher risk of pulmonary thromboembolism. A 

15 systemic, disseminated intravascular coagulopathy (DIC) commonly occurs in 
both vascular systems during septic shock, certain viral infections and cancer. 
This condition is characterized by a rapid consumption of coagulation factors 
and their plasma inhibitors resulting in the formation of life-threatening 
thrombin throughout the microvasculature of several organ systems. The 

20 indications discussed above include some, but not all, of the possible clinical 
situations where anticoagulant therapy is warranted. Those experienced in this 
field are well aware of the circumstances requiring either acute or chronic 
prophylactic anticoagulant therapy. 

25 SUMMARY OF THE INVENTION 

This invention is directed to the pharmaceutical use of a compound of 
formula I below for treating a patient suffering from a physiological disorder 
capable of being modulated by inhibiting an activity of Factor Xa, where 
30 formula I is as follows: 



p 

V 
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5 R is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, 
optionally substituted heteroaralkyl or hydroxyalkyl; 

R, is hydrogen, R 3 S(0) P - or R g R 4 NS(0) p -; 

10 R 2 is hydrogen, or when X 5 and X 5 . taken together are =NR 5 , then R 2 is 

hydrogen, optionally substituted lower alkyl, optionally substituted aralkyl or 
optionally substituted heteroaralkyl; 

R g is optionally substituted alkyl, optionally substituted cycloalkyl, optionally 
15 substituted heterocyclyl, optionally substituted aryl, optionally substituted 
heteroaryl, optionally substituted aralkyl, optionally substituted heteroaralkyl, 
optionally substituted aralkenyl or optionally substituted heteroaralkenyl, or R 
and R 3 taken together form a 5 to 7 membered ring; and 

20 R 4 is optionally substituted alkyl, optionally substituted cycloalkyl or optionally 

substituted aryl, optionally substituted heteroaryl, optionally substituted aralkyl 
or optionally substituted heteroaralkyl, or R 3 and R 4 taken together with the 
nitrogen to which R 3 and R 4 are attached form an optionally substituted 4 to 7 
membered heterocyclyl; 

25 

X n and X r are independently selected from hydrogen, optionally substituted 
alkyl, optionally substituted aryl, optionally substituted aralkyl, optionally 
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substituted heteroaryl, optionally substituted heteroaralkyl or hydroxyalkyl, or 
X, and X r taken together form oxo; 

X 2 and X 2 , are hydrogen, or taken together form oxo; 

5 

X 3 is hydrogen, hydroxy, optionally substituted alkyl, optionally substituted aryl, 

optionally substituted heteroaryl, optionally substituted aralkyl or optionally 
substituted heteroaralkyl, or X 3 and one of X, and X r taken together form a 

4 to 7 membered ring; 

10 

X 4 is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, or 
hydroxyalkyl; 

X s and X 5 , are hydrogen or taken together are =NR 5 ; 

15 

R 5 is hydrogen, R 6 0 2 C-, R 6 0-, cyano, R 6 CO-, optionally substituted lower alkyl, 
nitro or Y 1 Y 2 'N-; 

Y 1 ' and Y 2 are independently hydrogen, alkyl, aralkyl or heteroaralkyl; 

20 

X 6 and X 6 . are independently hydrogen, R 7 R 8 N-, R 9 0-, R 7 R B NCO-, R 7 R 8 NS0 2 -, 
R 9 CO-, halo, cyano or nitro; 

R 6 is hydrogen, optionally substituted lower alkyl or optionally substituted 
25 aralkyl or optionally substituted heteroaralkyl; 

R 7 and R 8 are independently hydrogen or optionally substituted lower alkyl, or 
one of R 7 and R 8 is hydrogen and the other of R 7 and R„ is R 10 (O)CCH 2 - or lower 
acyl; 

30 

R 9 is hydrogen, optionally substituted lower alkyl, lower acyl or R 10 (O)CCH 2 -; 
R 10 is hydrogen, optionally substituted lower alkyl, alkoxy or hydroxy; 
35 m is 0, 1 , 2 or 3; 
n is 1, 2 or 3; or 
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p is 1 or 2, 

a pharmaceutical^ acceptable salt thereof, an N-oxide thereof, a hydrate 
5 thereof or a solvate thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

As used above, and throughout the description of the invention, the 
10 following terms, unless otherwise indicated, shall be understood to have the 
following meanings: 

Definitions 

15 "Patient" includes both human and other mammals. 

"Alkyl" means an aliphatic hydrocarbon group which may be straight or 
branched having about 1 to about 20 carbon atoms in the chain. Preferred 
alkyl groups have 1 to about 12 carbon atoms in the chain. Branched means 

20 that one or more lower alkyl groups such as methyl, ethyl or propyl are 

attached to a linear alkyl chain. "Lower alkyl" means about 1 to about 4 carbon 
atoms in the chain which may be straight or branched. The alkyl may be 
substituted with one or more "alkyl group substituents" which may be the same 
or different, and include halo, cycloalkyl, alkoxy, amino, acylamino, aroylamino, 

25 carboxy, alkoxycarbonyl, aralkyloxycarbonyl, heteroaralkyloxycarbonyl or 
Y r Y 2 NCO-, where Y 1 ' and Y 2 ' are independently hydrogen, alkyl, aralkyl or 
heteroaralkyl. Exemplary alkyl groups include methyl, trifluoromethyl, 
cyclopropylmethyl, cyclopentylmethyl, ethyl, n-propyl, /-propyl, n-butyl, f-butyl, 
n-pentyl, 3-pentyl, methoxyethyl, carboxymethyl, methoxycarbonylethyl, 

30 benzyloxycarbonylmethyl, pyridylmethyloxycarbonylmethyl. 

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system of 
about 3 to about 10 carbon atoms. Exemplary monocyclic cycloalkyl rings 
include cyclopentyl, fluorocyclopentyl, cyclohexyl and cycloheptyl. The 
35 cycloalkyl group is optionally partially unsaturated or optionally substituted by 
one or more halo, methylene (H2C=), alkyl, fused ary or fused heteroaryl. 
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Exemplary multicyclic cycloalkyl rings include 1-decalin, adamant-(1- or 2-)yl 
and norbornyl. 

"Heterocyclyl" means a non-aromatic monocyclic or multicyclic ring 
5 system of about 3 to about 10 ring atoms. Preferred rings include about 5 to 
about 6 ring atoms wherein one of the ring atoms is oxygen, nitrogen or sulfur. 
The heterocyclyl is optionally partially unsaturated or optionally substituted by 
one or more alkyl, halo, aryl, heteroaryl, fused aryl or fused heteroaryl. 
Exemplary monocyclic rings include pyrrolidyl, piperidyl, tetrahydrofuranyl, 
1 0 tetrahydrothienyl and tetrahydrothiopyranyl. The thio or nitrogen moiety of the 
heterocyclyl may also be optionally oxidized to the corresponding N-oxide, S- 
oxide or S,S-dioxide. 

"Aryl" means aromatic carbocyclic radical containing about 6 to about 10 

15 carbon atoms. Exemplary aryl include phenyl or naphthyl, or phenyl 

substituted or naphthyl substituted with one or more aryl group substituents 
which may be the same or different, where "aryl group substituent" includes 
hydrogen, alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, hydroxy, hydroxyalkyl, 
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, 

20 alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroylamino, 
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl, 
heteroarylsulfinyl, alkylthio, arylthio, heteroarylthio, aralkylthio, 
heteroaralkylthio, fused cycloalkyl, fused heterocyclyl, arylazo, heteroarylazo, 
Y 1 Y 2 N- ( Y 1 Y 2 NCO- or Y 1 Y 2 NS0 2 -, where Y 1 and Y 2 are independently hydrogen, 

25 alkyl, aryl, aralkyl or heteroaralkyl, or Y\ Y 2 and N taken together form a 

heterocyclyl. The aryl group substituents are as defined herein. Preferred aryl 
groups are optionally substituted phenyl or optionally substituted naphthyl. 
Preferred aryl group substituents include hydrogen, alkyl, hydroxy, acyl, aryl 
aroyl, aryloxy, halo, nitro, alkoxy, cyano, alkoxycarbonyl, acylamino, alkylthio, 

30 Y 1 Y 2 N-, Y 1 Y 2 NCO- or Y 1 'Y 2 NS02-, where Y 1 and Y 2 are independently 
hydrogen, alkyl, aralkyl or heteroaralkyl; preferred phenyl group substituents 
are aryloxy and aryl; and preferred naphthyl group substituents are nitro, 
alkoxy and amino. 

35 "Heteroaryl" means about a 5- to about a 10- membered aromatic 

monocyclic or multicyclic hydrocarbon ring system in which one or more of the 
carbon atoms in the ring system is/are element(s) other than carbon, for 



WO 96/40679 PCT/US96/09816 



example nitrogen, oxygen or sulfur. The "heteroaryl" may also be substituted 
by one or more of the above-mentioned "aryl group substituents". Exemplary 
heteroaryl groups include pyrazinyl, furanyl, thienyl, pyridyl, pyrimidinyl, 
isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, fgrazanyl, pyrrolyl, 
5 imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl, azaindolyl, benzimiddazolyl, 
benzothienyl, quinolinyl, imidazolyl and isoquinolinyl. Preferred heteroaryl 
groups in the R substituent include benzothienyl, thienyl, imidazolyl, pyridyl 



and quinolinyl all of which may be optionally substituted. Where 




monocylic heteroaryl, then preferred heteroaryls include thienyl, pyridyl and 
10 furanyl. 

"Aralkyl" means an aryl-alkyl- group in which the aryl and alkyl are as 
previously described. Preferred aralkyls contain a lower alkyl moiety. 
Exemplary aralkyl groups include benzyl, 2-phenethyl and naphthlenemethyl. 

15 

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl 
and alkyl are as previously described. Preferred heteroaralkyls contain a lower 
alkyl moiety. Exemplary heteroaralkyl groups may contain thienyl, pyridyl, 
imidazolyl and pyrazinyl. 

20 

"Aralkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl 
are as previously described. Preferred aralkenyls contain a lower alkenyl 
moiety. An exemplary aralkenyl group is 2-phenethenyl. 

25 "Heteroaralkenyl" means a heteroaryl-alkenyl- group in which the 

heteroaryl and alkenyl are as previously described. Preferred heteroaralkenyls 
contain a lower alkenyl moiety. Exemplary heteroaralkenyl groups may 
contain thienyl, pyridyl, imidazolyl and pyrazinyl. 

30 "Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously 

defined. Preferred hydroxyalkyls contain lower alkyl. Exemplary hydroxyalkyl 
groups include hydroxymethyl and 2-hydroxyethyl. 

"Acyl" means an H-CO- or alkyl-CO- group in which the alkyl group is as 
35 previously described. Preferred acyls contain a lower alkyl. Exemplary acyl 
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groups include formyl, acetyl, propanoyl, 2-methylpropanoyl, butanoyl and 
palmitoyl. 

"Aroyl" means an aryl-CO- group in which the alkyl group is as 
5 previously described. Exemplary groups include benzoyl and 1- and 2- 
naphthoyl. 

"Alkoxy" means an alkyl-O- group in which the alkyl group is as 
previously described. Exemplary alkoxy groups include methoxy, ethoxy, 
1 0 n-propoxy, Apropoxy, n-butoxy and heptoxy. 



"Aryloxy" means an aryl-O- group in which the aryl group is as 
previously described. Exemplary aryloxy groups include phenoxy and 
naphthoxy. 

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl groups is as 
previously described. Exemplary aralkyloxy groups include benzyloxy and 1- 
or 2-naphthalenemethoxy. 



20 "Alkylthio" means an alkyl-S- group in which the alkyl group is as 

previously described. Exemplary alkylthio groups include methylthio, ethylthio, 
Apropylthio and heptylthio. 

"Arylthio" means an aryl-S- group in which the aryl group is as 
25 previously described. Exemplary arylthio groups include phenylthio and 
naphthylthio. 



"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as 
previously described. An exemplary aralkylthio group is benzylthio. 

30 

"Y 3 Y 4 N-" means a substituted or unsubstituted amino group, wherein Y 3 
and Y 4 are as previously described. Exemplary groups include amino (H2N-). 

methylamino, ethylmethylamino, dimethylamino and diethylamino. 



35 



"Alkoxycarbonyl" means an alkyl-O-CO- group. Exemplary 
alkoxycarbonyl groups include methoxy- and ethoxycarbonyl. 
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"Aryloxycarbonyl" means an aryl-O-CO- group. Exemplary 
aryloxycarbonyl groups include phenoxy- and naphthoxycarbonyl. 

"Aralkoxycarbonyl" means an aralkyl-O-CO- group. An exemplary 
5 aralkoxycarbonyl group is benzyloxycarbcnyl. 

" Y 3 Y 4 NCO-" means a substituted or unsubstituted carbamoyl group, 
wherein Y 3 and Y 4 are as previously described. Exemplary groups are 
carbamoyl (H2NCO-) and dimethylaminocarbamoyl (Me2NCO-). 

10 

" Y 3 Y 4 NS02-" means a substituted or unsubstituted sulfamoyl group, 
wherein Y 3 and Y 4 are as previously described. Exemplary groups are 
aminosulfamoyl (H2NSO2-) and dimethylaminosulfamoyl (Me2NS02-). 

15 "Acylamino" is an acyl-NH- group wherein acyl is as defined herein. 

"Aroylamino" is an aroyl-NH- group wherein aroyl is as defined herein. 

"Alkylsulfonyl" means an alkyl-S02- group. Preferred groups are those 
20 in which the alkyl group is lower alkyl. 

"Alkylsulfinyl" means an alkyl-SO- group. Preferred groups are those in 
which the alkyl group is lower alkyl. 

25 "Arylsulfonyl" means an aryl-S02- group. 

"Arylsulfinyl" means an aryl-SO- group. 

"Halo" means fluoro, chloro, bromo, or iodo. Preferred are fluoro, chloro 
30 or bromo, and more preferred are fluoro or chloro. 

Preferred Embodiments 

A preferred embodiment of the invention is a method for treating a 
35 patient suffering from a physiological disorder capable of being modulated by 
inhibiting an activity of Factor Xa by administering a therapeutically effective 
amount of a compound of formula I. 
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10 



15 



20 



A preferred compound aspect of the invention is the compound of 
formula I wherein R 3 is optionally substituted phenyl, optionally substituted 

naphthyl, optionally substituted thienyl or optionally substituted benzothienyl. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein n is 1, and m is 1. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X 2 and X g , taken together are oxo. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X lf X r , X 3 and X 4 are hydrogen. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X g and X 5 , taken together are =NH. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X 5 and X 5 , taken together are =NR 5 wherein R 5 is R 6 0 2 C-. 

Another preferred compound aspect of the invention is the compound of 

0 

formula I wherein is phenyl and the carbon substituted with X g , X 5 . 

and HR 2 N- is attached to the 3-position of the phenyl. 

Another preferred compound aspect of the invention is the compound of 





NH 
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10 



15 



20 



25 



Another preferred compound aspect of the invention is the compound of 
formula I wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, 
HOC(0)CH 2 - ( H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or 
(heteroaralkyl)HNC(0)CH 2 -. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X 1 is hydrogen and X r is carboxyalkyl, alkoxycarbonylalkyl or 
aryl, or X 1 and X r taken together form oxo. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein R 1 is R 3 S0 2 -.. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein R 1 is R 3 R 4 NS0 2 -. 

Another preferred compound aspect of the invention is the compound of 
claim 1 wherein one of X 6 and X 6 , is amino in a para position relative to the 



Species according to the invention are selected from the group 
consisting of: 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
3-(S)-yl}amide trifluoroacetate; 

Dibenzofuran-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-5-oxopyrrolidin- 
3-yl}amide trifluoroacetate; 

Toluene-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide triflue oacetate; 

3,4-Dihydro-1H-isoquinoline-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 




WO 96/40679 



12 



PCT/US96/09816 



3'-Methoxy-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene-1 -sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
5 3-(S)-yl}amide trifluoroacetate; 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 Biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrol1din-3-(S)-yl}amide trifluoroacetate; 

15 

7-Ethoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6-methoxynaphthalene-2-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6,7-dimethoxynaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 7-Aminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[4-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
3-(S)-yl}amide trifluoroacetate; 

30 

7-Methoxynaphthalene-2-sulfonic acid [1-(3-aminomethylbenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
35 3-(S)-yl}methyl amide trifluoroacetate; 
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Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]pyrrolidin-3-(S)- 
yljamide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoim.inomethyl)benzyl]-2,5- 
5 dioxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopiperidin- 
3-yl}amide trifluoroacetate; 

10 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
azepan-3-(S)-yl}amide trifluoroacetate; 

7- Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

15 

6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

6- Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
20 oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-6- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

25 9J0-Dioxo-8a,9J0J0a-tetrahydroanthracene-2-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

8- Chloro-7-methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

30 

7- Methoxynaphthalene-2-sulfonic acid {1-[4-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

6,7-Dimethoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 
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Naphtho(2,3-d)-(1,3)dioxole-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Benzyloxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Hydroxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 6-Hydroxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

15 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}methyl amide 
trifluoroacetate; 

20 7-Methylnaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Ethylnaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 

5-Chloro-6-aminonaphthalene-2-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

7-Methylaminonaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
30 oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

2-Methyl-1,2,3,4-tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

35 1,2,3,4-Tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}methyl amide 
dihydrochloride; 
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7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-nitrobenzyl)amide trifluoroacetate; 

5 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-aminobenzyl)amide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-nitrobenzyl)amide trifluoroacetate; 

10 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-aminobenzyl)amide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
1 5 oxopyrrolidin-3-(S)-yl}-(2-nitrobenzyl)amide trifluoroacetate; 

3-[2-Oxo-3(S)-(2-phenylethenesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

20 3-[2-Oxo-3(S)-(2-phenylethanesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

[lmino-(3-{3-[7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxo-3(S)- 
pyrrolidin-1-ylmethyl]phenyl)methyl]carbamic acid ethyl ester; 

25 

3-[2-Oxo-3(S)-{2-(pyridin-4-ylamino)-ethanesulfonylamino}-pyrrolidin-1- 
ylmethyl]-benzamidine bistrifluoroacetate; 

2'-Methoxybiphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
30 oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

35 lsoquinolinyl-5-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}amide bistrifluoroacetate; 
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5-Chlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amicJe trifluoroacetate; 

2,4-Diaminoquinazoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

7-Methoxy-2-naphthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}ethylamide trifluoroacetate; 

10 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-fluorobenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(4-methylbenzyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
20 3(S)-pyrrolidin-3-yl}napthalene-2-ylmethylamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-phenylallyl)am ide trifluoroacetate; 

25 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(2-fluorobenzyl)amide trifluoroacetate; 

30 

2- Fluorobiphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}methylamide trifluoroacetate; 

3- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 

35 methoxynaphthalene-2-sulfonyl)amino]propionamide trifluoroacetate; 
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2-[{1-f3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}naphthalene-2- 
sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-.(S)-yl}biphenyl-4- 
5 sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{143-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-ph.enethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-ethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N,N-dimethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-(2-p-toluylethyl)acetamide 
trifluoroacetate; 

2-[{1.[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-(3-phenylpropyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-(4-methylbenzyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrro!idin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-[2-(3-fluorophenyl)ethyl]acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-indan-2-ylacetamide trifluoroacetate; 
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2- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-yl-ethyl)acetamide 
bistrifluoroacetate; 

5 4,5-Dichlorothiophene-2-suifonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate 

4,5-Dichlorothiophene -2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-methylamide trifluoroacetate; 

10 

4,5-Dichlorothiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}benzylamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
1 5 3(S)-pyrrolidin-3-yl}-2-cyclopropylphenethylamide trifluoroacetate; 

3'-Methyl-biphenyl-4-sulfon ic acid {1 -[3-(am inoim inomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

20 3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

3- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]-2-methylacetamide trifluoroacetate; 

25 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
azetidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
30 azetidin-3(S)-yl}benzylamide trifluoroacetate; 

5,6,7,8-Tetrahydronaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

35 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-methoxybenzyl)amide trifluoroacetate; 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoimipomethyl)benzyl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}-(4-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate; 

10 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-3-ylmethyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-4-ylmethyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(1-benzyl-1H-imidazol-2-ylmethyl)amide trifluoroacetate; 

(1-Methyl-1H-imidazol-2-yl)benzene-4-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-hydroxybenzyl)amide trifluoroacetate; 

25 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-hydroxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyrazol-3-ylmethyl)amide trifluoroacetate; 

30 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

4-Pyridin-4-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 



WO 96/40679 



20 



PCT/US96/09816 



7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophene-2-ylmethyl)amide trifluoroacetate; 

4-Pyridin-3-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

N-Methylpyrid-4-ylphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl}amide trifluoroacetate; . 

10 2-Methoxyquinoline-7-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

15 

4-(3-Chloropyridin-2-yloxy)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

4-(N-Oxidopyridin-3-yl)benzene-4-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

4-Phenoxybenzene-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

25 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophen-3-ylmethyl)amide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(methoxyaminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

30 

6-Methoxynaphthalene-2-sulfonic acid {1-[3-(cyanoaminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1-[3-(hydroxyaminoiminomethyl)- 
35 benzyl]-2-oxopyrrolidin-3-(S)-yl}-methylamide trifluoroacetate; 
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4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihydrochloride; 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylmethylamino)-2- 
5 oxopyrrolidin-1-yl-methyl]benzamidine trifluoroacetate; 

N-(4-Carbamimidpyl-2-{3-[(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-(S)-ylmethyl}phenyl)acetamide trifluroacetate; 

1 0 4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1 -yl- 
methyl]benzamidine trifluoroacetate; 

3- Amino-5-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine bistrifluoroacetate; 

15 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate; 

{4-(Aminoiminornethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
20 oxopyrrolidin-l-ylmethyl]phenoxy}acetic acid trifluoroacetate; 

2-Chloro-6-nitrophenoxybenzene sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

25 4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

30 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 



35 



4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 
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4- [3-(S)-(5-Chloro-3-met^ 

pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate; 

5- {3-(S)-[(7-Methoxynaphthalene-2~s^^ 

5 ylmethyl}thiophene-3-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-su!fonyl)benzylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

10 4-{3-(S)-[(Methanesulfonyl)-(3-phenylpropyl)amino]-2-oxopyrrolidin^ 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(Methanesulfonyl)(naphthalene-2-yl)amino]-2-oxo 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

15 

4-{3-(S)-[(4,5-Dichlorothiophene-2-sulfonyl)benzylamino]-2-oxop 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)methylamino]-2- 
20 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide trifluoroacetate; 

25 2^[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-^ 

dichlorothiophene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-^ 
methoxynaphthalene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

30 

2-[[1-(4-Carbamimidoylthiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]^ 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

2-[[1-(4-Carbamimidoy!thiophene-2-ylm^ 
35 chloro-3-methylbenzo[b]thiophene-2-sulfonyI)amino]acetic acid methyl ester; 
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4-{3-(S)-[(7-Aminonaphtha1e^^ 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

4-{3-(S)-[(7-Aminonaphthale^ 
5 ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophe^ 

aminonaphthalene-2-sulfonyl)amino]acetamide bistrifluoroacetate; 

10 4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

4-{3"(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-l-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

15 

2-[[1-(5-Carbamimidoylthiophene-3-ylm^ 

amino-5-chloronaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

4- [3-(S)-(6-Aminonaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylm 
20 thiophene-2-carboxamidine dihydrochloride; 

5- [3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylm 
thiophene-2-carboxamidine trifluoroacetate; 

25 5-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

30 

[Amino-(4-{3-(S)-(7-methoxyna 

oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate; 

35 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrroH^ 
ylmethyl}thiophene-2-N-hydroxycarboxamidine trifluoroacetate; 
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4-[3-(S)-(7-Methoxynaphthaiene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmeth 
pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1^ 
5 ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfo^ 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

10 4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)methylamino]^ 
oxopyrrolidin-1-ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

15 

2-{[1-(2-Carbamimidoylpyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}acetamide trifluoroacetate; 

2-{[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
20 methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 
trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfon^^^ 
oxopyrroiidin-1-ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

25 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylam 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin 
30 1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5- {3-(S)-[(7-Methoxynaphthalene-2-sulfonylamino]-2-oxopyrrolidin-1-ylm 
furan-2-carboxamidine trifluoroacetate; and 

35 4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]furan-2-carboxamidine trifluoroacetate. 
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Preferred compounds the group consisting essentially of include: 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

5 

3'-Methoxy-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
1 0 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

1 5 7-Aminonaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

20 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
25 methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate; 

2-[{1-[3»(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-yl-ethyl)acetamide 

bistrifluoroacetate; 

30 

4,5-Dichlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

3'-Methyl-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 
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3>[{1"[3-(Aminoiminomethyl)benzyI]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyI)amide trifluoroacetate; 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethyI)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

10 4-Amino-3-[3-(S)-(7-methox^^ 

yl-methyl]benzamidine dihydrochloride; 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonyl-methylamino)-2- 
oxopyrrolidin-1 -yl-methyl]benzamidine trifluoroacetate; 

15 

4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1-yl- 
methyl]benzamidine trifluoroacetate; 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamin 
20 oxopyrrolidin-1 -ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate; 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylam 
thiophene-2-carboxamidine trifluoroacetate; 

25 4-{3-(S)-[(7-Methoxynaphthalene-^ 

ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

30 

4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2-oxo- 
pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)methylamino]-2- 
35 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 
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2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide trifluoroacetate; 

[Amino-(4-{3-(S)-(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
5 ox:«pyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
tririuoroacetate; 

4-{3-(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

10 

4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
15 yimethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
pyridine-2-carboxamidine trifluoroacetate; 

20 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

2-{[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 
25 trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylarnino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; and 

30 4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

Compounds of formula I may be prepared by the application or 
adaptation of known methods, by which is meant methods used heretofore or 
35 described in the literature. 
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A preparative embodiment according to the invention for preparing a 
compound of formula I 




wherein Ar\ R, R 1f R 2 , X 3 , X 4 , X 5 , X 5 ,, X 6 , X 6 ,, m and n are as defined above, and 
X t and X r are hydrogen and X 2 and X 2 ., taken together are oxo, may be 
prepared by reacting a compound of formula II 



O 



10 




wherein X 3 , X 4 and m are as defined above, and Pi is alkyl, aralkyl, or aryl, and 
P2 is (alkyl, aralkyl, or aryl)carbamate, by reductive amination using a 
cyano(phenyl or heteroaryl)alkylamine of formula III 




wherein Ar\ X 6 , X 6 , and n are as defined above, in an alcoholic solvent such as 
20 methanol and an imine reducing reagent such as sodium cyanoborohydride, 
sodium triacetoxyborohydride or catalytic hydrogenation using for example 
palladium at a temperature from about 0°C to about 100°C to give the cyclic 
structure represented by formula IV. 
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wherein Ar\ X 3 , X 4 , X 6 , X 6 ., m and n are as defined above, and X, and X r are 
5 hydrogen, X 2 and X 2 ., taken together are oxo, and P2 is (alkyl, aralkyl, or 

aryl)carbamate. The P2 group is then removed by the appropriate deblocking 
procedures known for carbamates such as strong acid, strong base or catalytic 
hydrogenation to give compounds of formula V. 



10 




(V) 



wherein Ar 1 , X 3 , X 4 , X 6 , X 6 ,, m and n are as defined above, and X, and X r are 
hydrogen, and X 2 and X;,,, taken together are oxo. The amine of the compound 
of formula V is then coupled to any of the groups represented by formulae Via 
15 orVlb 

R 3 S(0) p Halo or R 3 R 4 NS(0) p Halo; 
(Via) (Vlb) 

20 where R 3 , R 4 , and p are as defined above, and Halo is a halogen atom such as 
chloro, using a base such as a trialkylamine in an inert solvent such as 



WO 96/40679 



30 



PCTYUS96/09816 



dichloromethane, tetrahydrofuran, ether or acetonitrile at temperatures from 
about 0°C to about 100°C in the presence or absence of an activating agent 
such as dimethyl aminopyridine (DMAP) to give compounds of formulae Vila or 
Vllb. 

5 




(Vila) 



wherein Ar 1 , R 3 , R 4> X 3 , X 4 , X 6> X 6 ., m, n and p are as defined above, and X 1 and 
10 X r are hydrogen, X 2 and Xg., taken together are oxo. Compounds represented 
by formulae Vila or Vllb may be converted to the corresponding imidate ester 
by the use of an alcoholic solvent such as ethanol saturated with hydrogen 
chloride (gas). The resulting product is then dissolved in an alcoholic solvent 
such as methanol saturated with ammonia to give compounds of formula I, 
15 wherein X 5 and X 5 , taken together are =NH. Alternatively, compounds of 
formula VII can be dissolved in a solution of pyridine containing a tertiary 
amine base such as triethyl amine saturated with hydrogen sulfide at a 
temperature from about 0°C to about 60°C. The resulting product is then 
dissolved in an organic solvent such as acetone and reacted with an alkyl 
20 halide such as methyl iodide at a temperature 0°C to about 80°C. The 

resulting product is then dissolved in an alcoholic solvent such as methanol 
and reacted with ammonium acetate to give compounds of formula I, wherein 
X 5 and X 5 , taken together are =NH. 

25 When X 1 and X r are O, and Xg and X 2 ., are independently selected from 

hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally 
substituted aralkyl, optionally substituted heteroaryl, optionally substituted 
heteroaralkyl or hydroxyalkyl, compounds of formula I may be prepared starting 
with may be prepared by reacting a compound of formula VIII 
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O H 



(VIII) 



10 



15 



20 



25 



wherein X 3 , X 4 and m are as defined above, X 2 . is hydrogen, optionally 
substituted alkyl, optionally substituted aryl, optionally substituted aralkyl, 
optionally substituted heteroaryl, optionally substituted heteroaralkyl, 
carboxyalkyl, alkoxycarbonylalkyl or hydroxyalkyl, and Pi is alkyl, aralkyl, or 
aryl, and P 2 is (alkyl, aralkyl, or aryl)carbamate, with a compound of formula III 
as defined above in an analogous fashion to the reaction of the compound of 
formula II with a compound of formula III. The product of the reaction of 
compounds of formulae VIII and III yields a compound of formula IV wherein 
Ar\ X 3 , X 4 , X 6 , X 6 ., m and n are as defined above, and X, and X r taken together 
are oxo, one X 2 and X 2 ., is hydrogen and the other of X 2 and X 2 . is hydrogen, 
optionally substituted alkyl, optionally substituted aryl, optionally substituted 
aralkyl, optionally substituted heteroaryl, optionally substituted heteroaralkyl or 
hydroxyalkyl, and P2 is an (alkyl, aralkyl or aryl)carbamate. That compound of 
formula IV may then be converted to a compound of formula V and then on to 
compounds of formulae Vila and Vllb wherein Ar\ R 3 , R 4 , X 3 , X 4 , X 6 , X 6 , m, n 
and p are as defined above, and X, and X r are oxo, and one X 2 and X 2 ., is 
hydrogen and the other of X 2 and X 2 . is hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted aralkyl, optionally substituted 
heteroaryl, optionally substituted heteroaralkyl, or hydroxyalkyl in an 
analogous procedure to that given for the conversion of a compound of formula 
IV to a compound of formula V which is then converted to compounds of 
formulae Vila or Vllb. 



Alternatively, compounds of formula V and formula IV may be converted 
to a compounds of formula I as follows. Compounds of formulae IV or V are 
treated with an alcoholic solvent such as ethanol saturated with HCI. The 
resulting product is then treated with an alcoholic solvent such as methanol 
saturated with ammonia to give respectively a compound of formula IX or X 
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!(=NH)NH 2 




!(=NH)NH 2 



(IX) 



10 



15 



wherein Ar\ X 1f X r , X 2 , X 2 ., X 3 , X 4 , X 6 , X 6 ,, P 2 , m and n are as defined above. A 
compound of formula IX may then be converted to a compound of formula X by 
an appropriate deblocking procedure described above. A compound of 
formula X may then be dissolved in an organic solvent such as ethanol or 
dimethylformamide and compounds of formulae Via or Vlb are added at a 
temperature from about 0°C to about 100°C in the presence or absence of an 
activating reagent such as DMAP with a sulfonylchloride to give compounds 
represented by formula I. 

Alternatively a compound of formula I may be prepared starting with a 
compound of formula XI. 



wherein X v X r , X X 2 ,, X 3 , X 4 , X 6 , X 6 ,, m and P 2 are as defined above. A 
compound of formula XI is dissolved in an inert organic solvent such as 
tetrahydrofuran at a temperature from about -78°C to about 25°C. To that 
solution is added a strong base such as sodium hydride, lithium 
hexamethyldisilylazide, or lithium diisopropyl amine, followed by the addition of 
a compound of formula XII 




(XI) 



25 
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(XH) 



wherein X e , Xj. and n are as defined above, and halo is a halogen atom such 
as chloro bromo or iodo to give a compound of formula IV which is then 
5 converted to a compound of formula I as described above. 

A compound of formula I in which R is other than hydrogen may be 
prepared starting with compounds of formulae Vila or Vllb. Compounds of 
formulae Vila or Vllb may be dissolved in an inert organic solvent such as 
10 tetrahydrofuran, dioxane, or dimethyl formamide at a temperature of about 0°C 
to about 100°C. To the resulting solution is added a base such as sodium 
hydride or potassium carbonate and a compound of formula XIII. 

R-Halo 

15 XIII 

wherein R is as defined above except for hydrogen and halo is a halogen such 
as chloro or bromo. The product of this preparation is a compound of formula 
XIV. 

20 




(XIV) 



wherein R v X„ X v , X X 2 ., X 3 , X 4 , X 6 , X 6 ., m and n are as defined above, and R is 
optionally substituted alkyl, optionally substituted aralkyl, optionally substituted 
25 heteroaralkyl or hydroxyalkyl. A compounds of formula XIV is then converted to 



WO 96/40679 



34 



PCT/US96/09816 



a compound of formula I as described above, that contains a -C(=NH)NH 2 
moiety. 

Alternatively, a compound of formula XIV may be treated with an 
5 alcoholic solvent such as ethanol saturated with HCI. The resulting product is 
then treated with an alcoholic solvent such as methanol saturated with an 
alkylamine, hydrazine or alkoxyamine to give a compound of formula I wherein 
R, R v X 2 , X 2> , X 3 , X 4 , X 6 , X 6 ,, m and n are as defined above, X 5 and X 5 . taken 
together are =NR 5 ; R 2 and R 5 are independently hydrogen or alkyl, or when one 
10 of R 2 or R 5 is hydrogen, then the of R 2 or R 5 may be alkoxy or amino. A 

compound of the formula I wherein X 5 and X 5 . taken together are =NR 5 and R 5 
is nitro may be prepared by standard nitrating reactions on a compound of 
formula I wherein X 5 and X 5 . taken together are =NR 5 and R 5 is hydrogen. 

15 A compounds of formula I wherein X 5 and X 5 taken together are =NR 5 

and R 5 is R 6 0 2 C, R 6 CO or cyano may be prepared from compounds of formula I 
wherein X 5 and X 5 . taken together are =NR 5 wherein R 5 is hydrogen. For 
example, the amidine species is treated with an alkyl chloroformate in an 
appropriate solvent such as methylene chloride or dimethyl formamide in the 

20 presence of a base such as a trialkylamine to give a compound of formula I 
wherein R 5 is R 6 0 2 C. Similarly, the amidine may be treated with an acylating 
species such as an acyl chloride in the presence of a base such as 
trialkylamine to give compounds of formula I wherein R 5 is R 6 OC. Alternatively, 
compounds wherein R 5 is cyano may be prepared by treatment of the amidine 

25 with cyanogen bromide and a trialkyl amine in an appropriate an alcoholic 
solvent. 

A compound of formula I wherein X 5 and X 5 . are hydrogen may be 
prepared by reduction of compounds of formulae Vila, Vllb or XIV using 
30 hydrogenation in an appropriate solvent such as methanol in the presence of a 
catalyst such as rhodium on alumina. This transformation may also be 
achieved using a hydride reagent such as diisobutyl aluminum hydride to give 
a compound of formula I wherein X 5 and X 5 . are hydrogen. 

35 The compounds of the present invention are useful in the form of the free 

base or acid or in the form of a pharmaceutical^ acceptable salt thereof. All 
forms are within the scope of the invention. 
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Where the compound of the present invention is substituted with a basic 
moiety, acid addition salts are formed and are simply a more convenient form 
for use; and in practice, use of the salt form inherently amounts to use of the 
5 free base form. The acids which can be used to prepare the acid addition salts 
include preferably those which produce, when combined with the free base, 
pharmaceutical^ acceptable salts, that is, salts whose anions are non-toxic to 
the patient in pharmaceutical doses of the salts, so that the beneficial inhibitory 
effects on the activity of Factor Xa inherent in the free base are not vitiated by 

10 side effects ascribable to the anions. Although pharmaceutical^ acceptable 
salts of said basic compounds are preferred, all acid addition salts are useful 
as sources of the free base form even if the particular salt, per se, is desired 
only as an intermediate product as, for example, when the salt is formed only 
for purposes of purification, and identification, or when it is used as 

15 intermediate in preparing a pharmaceutical^ acceptable salt by ion exchange 
procedures. Pharmaceutically acceptable salts within the scope of the 
invention are those derived from the following acids: mineral acids such as 
hydrochloric acid, sulfuric acid, phosphoric acid and sulfamic acid; and organic 
acids such as acetic acid, citric acid, lactic acid, tartaric acid, malonic acid, 

20 methanesufonic acid, ethanesulfonic acid, benzenesulfonic acid, p- 

toluenesulfonic acid, cyclohexylsulfamic acid, quinic acid, and the like. The 
corresponding acid addition salts comprise the following: hydrohalides, e.g. 
hydrochloride and hydrobromide, sulfate, phosphate, nitrate, sulfamate, 
acetate, citrate, lactate, tartarate, malonate, oxalate, salicylate, propionate, 

25 succinate, fumarate, maleate, methylene-bis-B-hydroxynaphthoates, 

gentisates, mesylates, isethionates and di-p-toluoyltartratesmethanesulfonate, 
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, cyclohexylsulfamate 
and quinate, respectively. 

30 According to a further feature of the invention, acid addition salts of the 

compounds of this invention are prepared by reaction of the free base with the 
appropriate acid, by the application or adaptation of known methods. For 
example, the acid addition salts of the compounds of this invention are 
prepared either by dissolving the free base in aqueous or aqueous-alcohol 

35 solution or other suitable solvents containing the appropriate acid and isolating 
the salt by evaporating the solution, or by reacting the free base and acid in an 
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organic solvent, in which case the salt separates directly or can be obtained by 
concentration of the solution. 

The compounds of this invention may be regenerated from the acid 
5 addition salts by the application or adaptation of known methods. For example, 
parent compounds of the invention can be regenerated from their acid addition 
salts by treatment with an alkali, e.g. aqueous sodium bicarbonate solution or 
aqueous ammonia solution. 

1 0 Where the compound of the invention is substituted with an acidic 

moiety, base addition salts may be formed and are simply a more convenient 
form for use; and in practice, use of the salt form inherently amounts to use of 
the free acid form. The bases which can be used to prepare the base addition 
salts include preferably those which produce, when combined with the free 

1 5 acid, pharmaceutical^ acceptable salts, that is, salts whose cations are non- 
toxic to the animal organism in pharmaceutical doses of the salts, so that the 
beneficial inhibitory effects on the activity of Factor Xa inherent in the free acid 
are not vitiated by side effects ascribable to the cations. Pharmaceutically 
acceptable salts, including for example alkali and alkaline earth metal salts, 

20 within the scope of the invention are those derived from the following bases: 
sodium hydride, sodium hydroxide, potassium hydroxide, calcium hydroxide, 
aluminum hydroxide, lithium hydroxide, magnesium hydroxide, zinc hydroxide, 
ammonia, ethylenediamine, N-methyl-glucamine, lysine, arginine, ornithine, 
choline, N.N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, 

25 procaine, N-benzylphenethylamine, diethylamine, piperazine, 

tris(hydroxymethyl)aminomethane, tetramethylammonium hydroxide, and the 
like. 

Metal salts of compounds of the present invention may be obtained by 
30 contacting a hydride, hydroxide, carbonate or similar reactive compound of the 
chosen metal in an aqueous or organic solvent with the free acid form of the 
compound. The aqueous solvent employed may be water or it may be a 
mixture of water with an organic solvent, preferably an alcohol such as 
methanol or ethanol, a ketone such as acetone, an aliphatic ether such as 
35 tetrahydrofuran, or an ester such as ethyl acetate. Such reactions are normally 
conducted at ambient temperature but they may, if desired, be conducted with 
heating. 
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Amine salts of compounds of the present invention may be obtained by 
contacting an amine in an aqueous or organic solvent with the free acid form of 
the compound. Suitable aqueous solvents include water and mixtures of water 
5 with alcohols such as methanol or ethanol, ethers such as tetrahydrofuran, 
nitriles such as acetonitrile, or ketones such as acetone. Amino acid salts may 
be similarly prepared. 

The base addition salts of the compounds of this invention can be 
10 regenerated from the salts by the application or adaptation of known methods. 
For example, parent compounds of the invention can be regenerated from their 
base addition salts by treatment with an acid, e.g. hydrochloric acid. 

Salt forms according to invention also include compounds having a 
15 quarternarized nitrogen. The quarternarized salts are formed by methods such 
as by alkylation of a sp 3 or sp 2 hybridized nitrogen in the compounds. 

As will be self-evident to those skilled in the art, some of the compounds 
of this invention do not form stable salts. However, acid addition salts are most 
20 likely to be formed by compounds of this invention having a nitrogen- 
containing heteroaryl group and/or wherein the compounds contain an amino 
group as a substituent. Preferable acid addition salts of the compounds of the 
invention are those wherein there is not an acid labile group. 

25 As well as being useful in themselves as active compounds, salts of 

compounds of the invention are useful for the purposes of purification of the 
compounds, for example by exploitation of the solubility differences between 
the salts and the parent compounds, side products and/or starting materials by 
techniques well known to those skilled in the art. 

30 

Compounds of the present invention may contain asymmetric centers. 
These asymmetric centers may independently be in either the R or S 
configuration. It will also be apparent to those skilled in the art that certain 
compounds of formula I may exhibit geometrical isomerism. Geometrical 
35 isomers include the cis and trans forms of compounds of the invention having 
alkenyl or diazenyl (azo) moieties. The present invention comprises the 
individual geometrical isomers and stereoisomers and mixtures thereof. 
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Such isomers can be separated from their mixtures, by the application or 
adaptation of known methods, for example chromatographic techniques and 
recrystallization techniques, or they are separately prepared from the 
5 appropriate isomers of their intermediates, for example by the application or 
adaptation of methods described herein. 

The starting materials and intermediates are prepared by the application 
or adaptation of known methods, for example methods as described in the 
10 Reference Examples or their obvious chemical equivalents. 

The present invention is further exemplified but not limited by the 
following examples which illustrate the preparation of the compounds 
according to the invention. 

15 

In the nuclear magnetic resonance spectra (NMR) the chemical shifts 
are expressed in ppm relative to tetramethylsilane. Abbreviations have the 
following significance: s=singlet; d=doublet; t=triplet; m=multiplet; dd=doublet 
of doublets; ddd=doublet of doublets of doublets; dt=doublet of triplets, 
20 b=broad, bs=broad singlet, q=quartet, AB=AB pattern. 

EXAMPLE 1 

Naphthalene-2-sulfonic acid f1-r3-(aminoiminomethynbenz yn-2-oxopvrrolidin- 
3-(S)-yi}amide trifiuoroacetate. 

25 

A. Boc-L-AspmVOBn. 

Boc-L-Asp-OBn (15 g, 46.4 mmol) is dissolved in 50 ml_ of THF and cooled to 
-10°C. The solution is treated with N-methylmorpholine (4.9 g, 48.7 mmol) and 
stirred for 5 minutes. To the solution is added dropwise isobutyl chloroformate 

30 (6.3 g, 46.4 mmol). After the addition is completed, the solution is stirred for 1 
minute, then filtered through a pad of Celite. The collected solution is cooled to 
-10°C. To the solution is added sodium borohydride (2.63 g, 70 mmol) 
predissolved in 50 mL of water. The solution is stirred for 2 minutes. The 
solution is poured into a separatory funnel and diluted with 800 mL of EtOAc. 

35 The organic layer is washed with water and saturated NaCI. The organic layer 
is dried over MgS0 4 , filtered and concentrated. The resulting residue is added 
to a solution of oxalyl chloride (30 mL of a 2 M solution in CH 2 CI 2 , 60 mmol), 
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and methyl sulfoxide (7.25 g, 92.8 mmol) in 250 ml_ of CH 2 CI 2 at -78°C. The 
reaction mixture is stirred at -78°C for 40 minutes, then triethylamine (14 g, 140 
mmol) is added. The reaction mixture is stirred at -78°C for 1 hour and then is 
stirred at room temperature for 30 minutes. The solution is poured into 200 mL 
5 of a 20% citric acid/water solution. The resulting mixture is poured into a 
separatory funnel and the layers are separated. The organic layer is washed 
with water and saturated NaCI. The organic layer is dried over MgS0 4 , filtered 
and concentrated. The residue is purified by column chromatography eluting 
with a gradient of 10% EtOAc/hexanes to 30% EtOAc/hexanes. The product 
10 aldehyde (12 g, 39 mmol) is obtained as an oil. 

1 H NMR (CDCI 3> 300 MHz) 8 9.68 (s, 1H), 7.32 (m, 4H), 5.42 (bs, 1H), 5.16 (s, 
2H), 4.62 (m, 2H), 3.05 (ddd, 2H), 1.40 (s, 9H). 

B. ri-(3-Cvanobenzvn-2-oxopvrrolidin-3-rRVy ncarbamic add terf-butvl ester. 
15 To a solution of Boc-L-Asp(H)-OBn (13.5 g, 44 mmol) dissolved in 75 mL of 

methanol is added m-cyanobenzylamine hydrochloride (7.4 g, 44 mmol) and 
triethylamine (4.7 g, 46 mmol). The solution is stirred for 30 minutes. After this 
time, a solution of sodium cyanoborohydride (3 g, 48.4 mmol) and zinc chloride 
(3.3 g, 24.2 mmol) in 30 mL of MeOH is added. The mixture is stirred for an 

20 additional 2 hours. After this time, 20 mL of 1 N NaOH and 100 mL of water is 
added, and the resulting mixture is concentrated. The residue is treated with 
100 mL of water and 800 mL of EtOAc. The solution is filtered through a pad of 
Celite, poured into a separatory funnel and the layers are separated. The 
organic layer is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 

25 organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
purified by column chromatography eluting with a gradient of 20% 
EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to give the title compound (9.1 g, 29 mmol) 
as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.55 (m, 4H), 5.18 (bs, 1H), 4.47 (AB, 2H), 4.18 
30 (dd, 1 H), 3.21 (m, 2H), 2.60 (m, 1 H), 1 .88 (m, 1 H), 1 .42 (s, 9H). 

C. 3-(3-(SVAmino-2-oxopyrrolidin-1-ylme thvnbenzonitrile hydrochloride 

To a solution of [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]carbamic acid tert- 
butyl ester (9.1 g, 29 mmol) in 150 mL of EtOAc at 0°C is bubbled HCI gas for 
35 1 0 minutes. After this time, the solution is stirred for 4 hours. The solution is 
then concentrated to give the title compound (7.3 g, 29 mmol) as a white solid. 
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1 H NMR (DMSO-d 6l 300 MHz) 8 8.71 (bs, 3H), 7.85 (m, 2H), 7.70 (m, 2H), 4.58 
(AB, 2H), 4.13 (m, 1H), 3.32 (m, 2H), 2.44 (m, 1H), 2.18 (m, 1H). 

D. Naphthalenfi-2-sulfonic acid ri-f3-cvanobenzvn-2.oxopvrrolidin-3-(SV 
5 yljamidg, 

3-(3-(S)-Amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride (0.4 g, 
1.6 mmol) is suspended in 10 mL of CH 2 CI 2 . To the solution is added 
triethylamine (0.49 g, 4.8 mmol) followed by 2-naphthalene sulfonyl chloride 
(0.4 g, 1.8 mmol). After stirring for 2 hours, the solution is diluted with CH 2 CI 2 . 

10 The solution is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
triturated with ether to give the title compound (0.46 g, 1.13 mmol) as a solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 8.56 (d, 1H), 8.32 (d, 1H), 8.20 (m, 3H), 8.09 
(m, 1H), 7.93 (d, 1H), 7.74 (m, 3H), 7.48 (d, 2H), 4.38 (AB, 2H), 4.17 (m, 1H), 

1 5 3.05 (m, 2H), 2.02 (m, 1 H), 1 .57 (m, 1 H). 

E. Naphthalene-2-sulfonic acid (1-r3-(aminoiminomethvnbenzvll-2- 
oxopvrrolidin-3-(SVvl)amide trifluoroacetate. 

Naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
20 (0.46 g, 1.13 mmol) is dissolved in 50 mL of ethanol. The solution is cooled to 
0°C and HCI gas is bubbled through the solution for 10 minutes. The ice bath 
is removed and the reaction mixture is stirred at room temperature for 6 hours. 
After this time, the solution is concentrated. The residue is dissolved in 50 mL 
of methanol. The solution is cooled to 0°C and ammonia gas is bubbled 
25 through the solution for 10 minutes. The reaction mixture is stirred for 24 hours. 
After this time, the solution is concentrated. The residue is purified by RP- 
HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA). The appropriate fractions are lyophilized to give the 
title compound (0.33 g, 0.61 mmol) as a solid. 
30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.14 (bs, 2H), 8.50 (s, 1H), 8.28 
(d, 1H), 8.13 (m, 3H), 8.04 (d, 1H), 7.91 (d, 1H), 7.80 (m, 3H), 7.62 (d, 2H), 4.42 
(AB, 2H), 4.18 (m, 1H), 3.10 (m, 2H), 2.00 (m, 1H), 1.57 (m, 1H). FAB MS, 
[M+H] + =423. Elemental analysis calculated with 1.5 mole of H 2 0: C=51.15%, 
H=4.65%, N=9.94%, found C=51.16%, H=4.19%, N=9.61%. 

35 

EXAMPLE 2 
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Dibenzofuran-2- sulfonic acid {1-f3-(aminoiminomethvl^benzyl1-5-oxopvrrolidin- 
3-vltemide trifluoroacetate. 

A. Boc-AspfOBnVH. 

5 The title compound is prepared as in EXAMPLE 1 , Part A, using Boc-Asp(OBn)- 
OH in place of Boc-L-Asp-OBn. 

1 H NMR (CDCIg, 300 MHz) 8 9.67 (s, 1H), 7.32 (m, 5H), 5.60 (bs, 1H), 5.12 
(AB, 2H), 4.40 (m, 1H), 3.94 (AB, 1H), 3.72 (AB, 1H), 1.41 (s, 9H). 

10 B. [1-(3-Cvanobenzyn-5-oxopyrrolidin-3-yl]carbamic acid tert-butvl ester. 

The title compound is prepared as in EXAMPLE 1, Part B using Boc-Asp(OBn)- 
H in place of Boc-Asp(H)-OBn. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.65 (d, 1H), 7.61 (s, 1H), 7.52 (m, 2H), 4.82 (bs, 
1H), 4.51 (s, 2H), 4.22 (m, 1H), 3.53 (q, 1H), 3.16 (dd, 1H), 2.83 (AB, 1H), 2.33 
15 (AB, 1H), 1.40 (s, 9H). 

C. 3-(3-Amino -5-oxopyrrolidin-1 -ylmethyhbenzonitrile hydrochloride. 
The title compound is prepared as in EXAMPLE 1, Part C using [1-(3- 
cyanobenzyl)-5-oxopyrrolidin-3-yl]carbamic acid fert-butyl ester in place of 
20 [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]carbamic acid te/t-butyl ester. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.5 (bs, 3H), 7.72 (m, 2H), 7.61 (m, 1H), 7.55 
(m, 1H), 4.46 (AB, 2H), 3.89 (m, 1H), 3.57 (q, 1H), 3.30 (dd, 1H), 2.78 (AB, 1H), 
2.42 (AB, 1H). 

25 D. Dibenzofuran-2-sulfonic acid f1-f 3-cvanobenzvn-5-oxopvrrolidin-3- 
ylfcmide, 

The title compound is prepared from 3-(3-amino-5-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D using 2- 
dibenzofuransulfonyl chloride in place of 2-naphthalene sulfonyl chloride. The 
30 crude product is purified by column chromatography in a gradient of CH 2 CI 2 to 
5% MeOH/CH 2 CI 2 . 

1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (d, 1H), 7.91 (m, 2H), 7.61 (m, 2H), 7.58 (d, 
1H), 7.44 (m, 5H), 5.55 (m, 1H), 4.42 (AB, 2H), 4.09 (m, 1H), 3.50 (dd, 1H), 3.21 
(dd, 1H), 2.62 (dd, 1H), 2.29 (dd, 1H). 

35 

E. Dibenzofuran-2-sulfonic acid {1-r3-(aminoiminomethynbenzyl1-5- 
oxopyrrolidin-3-yl)amide trifluoroacetate. 
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Hydrogen sulfide gas is bubbled through a solution of dibenzofuran-2-sulfonic 
acid [1-(3-cyanobenzyl)-5-oxopyrrolidin-3-yl]amide (0.44 g, 0.99 mmol) in 
10 mL of 10:1 pyridine/triethylamine. After stirring the pale green solution for a 
period of 18 hours, the reaction mixture is concentrated in vacuo. The residue 
5 is diluted in EtOAc and 0.5 N HCI solution. The layers are separated and the 
organic phase is washed with saturated NaCI. The organic layer is dried over 
anhydrous MgS0 4 , filtered and concentrated to give crude thioamide. To a 
solution of thioamide in 20 mL of acetone is added methyl iodide (2 mL, 32 
mmol). The resulting mixture is heated at reflux for 1 hour, allowed to cool to 

10 room temperature and concentrated in vacuo to provide the crude thioimidate 
hydroiodide. To a solution of thioimidate hydroiodide in 20 mL of MeOH is 
added ammonium acetate (0.3 g, 3.89 mmol). The resulting mixture is heated 
at reflux for 3.5 hours, allowed to cool to room temperature and concentrated in 
vacuo to provide the crude amidine salt. The crude product is purified by RP- 

15 HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound (0.21 g, 0.36 mmol) as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.29 (s, 4H), 8.64 (s, 1H), 8.24 (d, 1H), 8.13 (d, 
1H), 7.91 (m, 2H), 7.84 (d, 1H), 7.60 (m, 6H), 4.39 (AB, 2H), 3.91 (m, 1H), 3.41 
20 (dd, 1H), 3.08 (dd, 1H), 2.46 (dd, 1H), 2.13 (dd, 1H). FAB MS, [M+H] + =463. 
Elemental analysis calculated with 2.3 mole of H 2 0: C=50.50%, H=4.51%, 
N=9.06%; found C=50.49%, H=3.66%, N=8.61%. 

EXAMPLE 3 

25 Toluene-4-sulfonic acid {1-r3-( aminoi m i n omethvl^ben7vn-2-oxonyrrf>liriin-?- 
(SVvl)amide triflun roacetate. 

A Toluene-4-sulfonic acid ri-^3-cvanQben7 V n.2-oxopyrrolidin-3-(SVyl1amida 
The title compound is prepared as in EXAMPLE 1, Part D using toluene 
30 sulfonyl chloride in place of 2-naphthalene sulfonyl chloride. 

1 H NMR (DMSO-d 6 , 300 MHz) d 8.08 (d, 1H), 7.78 (m, 3H), 7.62 (s, 1H), 7.51 
(d, 2H), 7.33 (d, 2H), 4.40 (AB, 2H), 4.05 (m, 1H), 3.05 (m, 2H), 2.36 (s, 3H), 
1.97 (m, 1H), 1.57 (m, 1H). 

35 B. Tpluene-4-sulfonic acid {1-r3-ra minoiminomethvhben7yl]-2-oxopyrrnliriin-3- 
(SVvl)amide triflunroanatatP 
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The title compound is prepared as in EXAMPLE 1 , Part E using toluene-4- 
sulfonic acid [1-[3-(cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide as the starting 
material. 

1 H NMR (DMSO-d 6 , 300 MHz) d 9.27 (bs, 2H), 9.10 (bs, 2H), 8.03 (d, 1H), 
5 7.79 (d, 2H), 7.68 (m, 1 H), 7.59 (m, 4H), 7.40 (d, 2H), 4.44 (AB, 2H), 4.12 (m, 
1H), 3.08 (m, 1H), 2.38 (s, 3H), 2.04 (m, 1H), 1.58, (m, 1H). FAB MS, 
[M+H] + =355. Elemental analysis calculated with 1 .25 mole of H 2 0: C=48.23%, 
H=4.59%, N=10.39%, found C=48.15%, H=4.59%, N=10.39%. 

10 EXAMPLE 4 

3.4-Dihvdro-1 H-isoquinoline-2-sulfonic acid {1 -f3-(aminoiminomethvnbenzyl1- 
2-oxopvrrolidin-3-(SVvl)amide trifluoroacetate. 

A. 3.4-Dihvdro-1H-isoquinoline-2-sulfonic acid f1-f3-cvanobenzvn-2- 

15 QXQpyrrplidin-3-(S)-yl]amider 

A 1 M solution of sulfuryl chloride (14.1 mL, 14.1 mmol) in CH 2 CI 2 is cooled to 
0°C. To the solution is added triethylamine (0.71 g, 7.1 mmol) dropwise. 
1 ,2,3,4-Tetrahydroisoquinoline (0.94 g, 7.1 mmol) is then added dropwise. The 
ice bath is removed and the solution is stirred for 2 hours. The solution is 

20 diluted with CH 2 CI 2 and poured into an ice bath. The layers are separated. 
The organic layer is washed with 1 N HCI and saturated NaCI. The organic 
layer is dried over MgS0 4 , filtered and concentrated. To the crude residue 
dissolved in 10 mL of CH 2 CI 2 is added 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride (0.5 g, 2 mmol). Triethylamine (0.4 g, 4 

25 mmol) is added and the mixture is stirred for 16 hours. The reaction mixture is 
diluted with EtOAc and washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. 
The residue is purified by column chromatography eluting with a gradient of 
10% EtOAc/CH 2 CI 2 to 15% EtOAc/CH 2 CI 2 to give the title compound (0.15 g , 
0.36 mmol) as a solid. 

30 1 H NMR (CDCIg, 300 MHz) 8 7.62 (m, 1H), 7.62 (s, 1H), 7.58 (d, 2H), 7.18 (m, 
4H), 7.09 (m, 2H), 5.10 (bs, 1H), 4.46 (AB, 2H), 4.08 (m, 1H), 3.65 (m, 2H), 3.22 
(m, 2H), 3.02 (m, 2H), 2.61 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =411. 

B. 3.4-Dihvdro-1H-isoquinoline 2-sulfonic acid (1-[3- 

35 (aminoiminomethynbenzyl'l-2-oxopyrrolidin-3-fS1-yl}amide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 1 , Part E using 
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3,4-dihydro-1 H-isoquinoline-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide as the starting material. 

1 H NMR (DMSO-d e , 300 MHz) 5 9.29 (bs, 2H), 9.13 (bs, 2H), 7.86 (d, 1H), 7.66 
(m, 2H), 7.52 (m, 2H), 7.14 (m, 4H), 4.47 (AB, 2H), 4.33 (AB, 2H), 4.12 (m, 1H), 
5 3.43 (m, 2H), 3.18 (m, 2H), 2.88 (m, 2H), 2.30 (m, 1H), 1.77 (m, 1H). FAB MS, 
[M+H] + =428. Elemental analysis calculated with 2 mole of H 2 0: C=47.83%, 
H=5.24%, N=12.13%, found C=47.43%, H=4.88%, N=11.63%. 

EXAMPLE 5 

10 3'-Methoxv -biDhenvl-4-sulfonic acid { 1 -[3-(aminoiminomethvnbenzyl1-2- 
oxopvrrolidin-3-fSWI)amide trifl uoroacetate. 

A. 3'-Methoxv-bi phenvl-4-bromide. 

3-Bromoanisole (3.5 g, 18.7 mmol) is dissolved in 40 mL of THF and cooled to 
15 -78°C. To the solution is added dropwise a 2.5 M solution of n-butyllithium in 
hexanes (7.5 mL, 18.7 mmol). After 10 minutes, a solution of zinc chloride (20 
mL, 19.6 mmol) in ether is added and the cooling bath is removed. The 
reaction mixture is stirred at room temperature for 2 hours. After this time, a 
solution of 4-iodobromobenzene (5.6 g, 19.6 mmol) and Pd(Ph3P)4 (1.1 g, 1 

20 mmol) in 1 0 mL of THF is added to the reaction flask. The solution is stirred 2 
hours, poured into 100 mL of water and extracted with EtOAc. The organic 
layer is washed with water and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered and concentrated. The crude residue is purified by column 
chromatography eluting with 10% CH 2 CI;>/hexanes to 20% CHgClg/hexanes to 

25 give the title compound (1.5 g, 5.7 mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) d 7.55 (d, 2H), 7.43 (m, 2H), 7.32 (m, 1H), 7.12 (m, 
1H), 7.07 (m, 1H), 6.87 (dd, 1H), 3.79 (s, 3H). FAB MS, [M+H] + =262. 

B. 3'-Methoxy-biphenyl-4-sulfonyl chloride. 

30 3'-Methoxy-biphenyl-4-bromide (1 .5 g, 5.7 mmol) is dissolved in 20 mL of THF 
and cooled to -78°C. To the solution is added a 2.5 M solution of 
n-butyllithium in THF (2.3 mL, 5.7 mmol). The reaction mixture is stirred for 15 
minutes and then is transferred via cannula to a solution of condensed sulfur 
dioxide gas (10 mL) in 40 mL of ether at -78°C. The solution is stirred for 30 

35 minutes, allowed to warm to room temperature and then concentrated in vacuo. 
The resulting residue is triturated with ether to give 1 g of the lithium 
biarylsulfinate as a solid. The solid is suspended in 15 mL of hexanes and 
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cooled to 0°C. To the suspension is added a 1 M solution of sulfuryl chloride 
(4.2 ml_, 4.2 mmol) in CH 2 CI 2 . After 1 hour at 0°C, the resulting solution is 
concentrated. The residue is triturated with hexanes to give the title compound 
(0.6 g, 2.25 mmol) as a solid. 
5 FAB MS, [M+H] + =267. 

C. 3'-Methoxvbiphenvl-4-sulfonic acid f1-3-fcy anobenzyn-2-oxopyrrolidin-3- 
(S)-yl]amide. 

The title compound is prepared as described in EXAMPLE 1 , Part D using 
10 3'-methoxybiphenyl-4-sulfonyl chloride in place of 2-naphthalene sulfonyl 
chloride. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.95 (d, 1H), 7.72 (m, 2H), 7.52 (m, 1H), 7.40 (m, 
5H), 7.16 (d, 1H), 7.10 (d, 1H), 6.95 (d,1H), 5.33 (bs, 1H), 4.43 (AB, 2H), 3.88 (s, 
3H), 3.81 (m, 1H), 3.24 (m, 2H), 2.64 (m, 1H) 2.07 (m, 1H). 

15 

D. 3'-Methoxvbi phenvl-4-sulfonic acid {1-r3-temlnoiminomethyftbenzvl1-2- 
oxopyrrolidln-3-(S)-yl}a mide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1, Part E using 
3'-methoxybiphenyl-4-sulfonic acid [1 -3-(cyanobenzyl)-2-oxopyrrolidin-3-(S)- 

20 yl]amide as the starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.05 (bs, 2H), 8.20 (d, 1H), 7.90 
(m, 4H), 7.71 (m, 2H), 7.55 (m, 2H), 7.40 (m, 2H), 7.28 (m, 2H), 6.99 (d, 1H), 
4.43 (AB, 2H), 4.18 (m, 1H), 3.82 (s, 3H), 3.12 (m, 1H), 2.05 (m, 1H), 1.62 (m, 
1 H). FAB MS, [M+H] + =479. Elemental analysis calculated with 1 mole of H 2 0: 

25 C=53.1 1%, H=4.79%, N=9.18%, found C=53.31%, H=4.51%, N=9.15%. 

EXAMPLE 6 

Naphthalene-1 -sulfonic acid {1-[3-(aminoiminomethynbenzyl]-2-oxopvrrolidin- 
3-(S)-vl}amide trifl uoroacetate. 

30 

A. Naphthalene-1 -sulfonic acid ri-f3-cyanobenzylV2- oxopvrrolidin-3-rSV 
yl]amide. 

The title compound is prepared as described in EXAMPLE 1, Part D using 1- 
naphthalene sulfonyl chloride in place of 2-naphthalene sulfonyl chloride. 
35 1 H NMR (CDCI 3 , 300 MHz) 8 8.67 (d, 1 H), 8.28 (d, 1 H), 8.06 (d, 1 H), 7.96 (d, 
1H), 7.67 (m, 2H), 7.55 (m, 2H), 7.38 (m, 2H), 7.19 (s, 1H), 5.52 (bs, 1H), 4.37 
(AB, 2H), 3.75 (m, 1H), 3.14 (m, 2H), 2.40 (m, 1H), 1.97 (m, 1H). 
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B. Naphthalene-1 -sulfonic acid (1-f3-teminol mlnomethyni3enzyl]-2- 
oxopyrrolidin-3-fS)-vl)amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
5 naphthalene-1 -sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
as the starting material. 

1 H NMR (DMSO-d e , 300 MHz) 8 9.30 (bs, 2H), 9.13 (bs, 2H), 8.65 (d, 1H), 8.51 
(d, 1H), 8.32 (d, 1H), 8.22 (d, 1H), 8.09 (d, 1H), 7.64 (m, 5H), 7.50 (m, 3H), 4.40 
(AB, 2H), 4.17 (m, 1H), 3.07 (m, 1H), 1.89 (m, 1H), 1.53 (m, 1H). FAB MS, 
10 [M+H] + =423. Elemental analysis calculated with 1 mole of H 2 0: C=51.98%, 
H=4.54%, N=10.10%, found C=52.20%, H-4.17%, N=9.73%. 

EXAMPLE 7 

5-Pvrid-2-vlthioph ene-2-sulfonic acid f1-r3-(aminoiminomethynbenzvl]-2- 
15 oxopvrrolidin-3-fSWI}am ide trifluoroacetate. 

A. 5-Pvrid-2-vlthiophene-2-sulfonic acid [ 1-(3-cyanobenzvn-2-oxopvrrolidin-3- 
(SVyl]amide. 

The title compound is prepared as described in EXAMPLE 1, Part D using 
20 5-pyrid-2-ylthiophene-2-sulfonyl chloride in place of 2-naphthalene sulfonyl 
chloride. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.62 (m, 1H), 7.78 (m, 1H), 7.69 (m, 1H), 7.58 (m, 
2H), 7.50 (d, 1H), 7.46 (m, 2H), 7.20 (m, 2H), 5.43 (bs, 1H), 4.42 (AB, 2H), 3.98 
(m, 1H), 3.26 (m, 2H), 2.68 (m, 1H), 2.15 (m, 1H). 

25 

B. 5-Pyrid-2-ylthiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrpiidin-3-(g)-yi}amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
5-pyrid-2-ylth iophene-2-su If on ic acid [ 1 - (3-cyanobenzyl)-2-oxopyrrol idin-3- (S)- 

30 yl]amide as the starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.32 (bs, 2H), 9.13 (bs, 2H), 8.56 (d, 1H), 8.49 
(d, 1H), 8.04 (d, 1H), 7.89 (m, 3H), 7.58 (m, 4H), 7.38 (m, 1H), 4.46 (AB, 2H), 
4.23 (m, 1H), 3.16 (m, 2H), 2.16 (m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =456. 
Elemental analysis calculated: C=43.93%, H=3.39%, N=10.24%, found 

35 C=44.04%, H=3.43%, N=10.26%. 



EXAMPLE 8 
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Biphenvl-4-sulfonic acid {1-[ 3-faminoimlnomethynbenzvl1-2-oxopvrrolidin-3- 
(S)-yltemide triflu oroacetate. 

A. Biphenvl-4-sulfonic acid M-(3-cvanobenzvn-2-oxopvrrolidin-3-(SVvHamide 
5 The title compound is prepared as described in EXAMPLE 1, Part D using 

biphenyl-4-sulfonyl chloride in place of 2-naphthalene sulfonyl chloride. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.14 (s, 1H), 7.95 (d, 1H), 7.82 (d, 1H), 7.64 (m, 
5H), 7.47 (m, 6H), 5.42 (bs, 1H), 4.42 (AB, 2H), 3.82 (m, 1H), 3.22 (m, 1H), 2.62 
(m, 1H),2.13(m, 1H). 

10 

B. Biphenyl-4-s ulfonic acid f1-r3-(aminoiminomethvnbenzyl]-2-oxopyrrolidin-3- 
(S)-vDamide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
biphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide as 

15 the starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.14 (bs, 2H), 8.22 (d, 1H), 7.91 
(m, 6H), 7.60 (m, 8H), 4.45 (AB, 2H), 4.16 (m, 1H), 3.12 (m, 1H), 2.07 (m, 1H), 
1.65 (m, 1H). FAB MS, [M+H] + =449. Elemental analysis calculated with 0.25 
mole of H 2 0: C=55.07%, H=4.53%, N=9.88%, found C=55.12%, H=4.41%, 

20 N= 10.05%. 

EXAMPLE 9 

7-Methoxvnaphthalene-2-sulfonic acid {1 -f3-(aminoiminomethynbenzyl]-2- 
oxopvrrolidin-3-(SVvl)amide trifluoroacetate. 

25 

A. 7-Methoxynaphthalene-2-sulfonyl chloride. 

To a suspension of 7-hydroxynaphthalene-2-sulfonic acid, sodium salt (15 g, 
60.9 mmol) in 150 mL of 2:1 H 2 0/ethanol is added solid NaOH (2.68 g, 67 
mmol) at room temperature. The mixture is stirred until a homogenous solution 

30 forms, and dimethyl sulfate (6.34 mL, 67 mmol) is then added. A precipitate 
eventually forms and the mixture is stirred over a period of 16 hours. The crude 
mixture is concentrated in vacuo and the residue is stirred in 100 mL of 
absolute EtOH as a slurry for 2 hours. The precipitate is filtered and dried. The 
solid is heated at reflux in 100 mL of 95% EtOH for 2 hours, allowed to cool to 

35 room temperature, filtered and dried to give 12.6 g of crude 7- 

methoxynaphthalene-2-sulfonic acid, sodium salt. A mixture of the sulfonic 
acid, sodium salt (12.6 g, 48.6 mmol) in 20 mL of phosphorous oxychloride and 
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phosphorous pentachloride (13.2 g, 63.2 mmol) is heated slowly to 60°C until a 
homogenous solution forms and then is heated at 120°C for 4 hours. The 
resulting mixture is cooled in an ice bath and a mixture of ice/ice water is 
added slowly with stirring. The mixture is diluted with water and extracted with 
5 CHCI 3 (2x100 ml_). The combined organic layers are washed successively 
with water, saturated NaHC0 3 solution and saturated NaCI. The organic phase 
is dried over anhydrous MgS0 4 , filtered and concentrated to give 10 g of a 
crude oil. The crude product is purified by column chromatography in a 
gradient of 5% EtOAc/hexanes to 30% EtOAc/hexanes to afford the title 
10 compound (3.8 g, 14.8 mmol) as a white crystalline solid. 

1 H NMR (CDCI 3> 300 MHz) 5 8.49 (d, 1H), 7.96 (d, 1H), 7.85 (d, 2H), 7.39 (dd, 
1H), 7.29 (d, 1H), 3.99 (s, 3H). El MS, [M]+=256. 

The 8-chloro-7-methoxynaphthalene-2-sulfonyl chloride (1.49 g, 5.12 mmol) is 
also isolated as a minor by-product from the above procedure. 
15 1 H NMR (CDCI3, 300 MHz) 8 8.95 (d, 1 H), 8.01 (d, 1 H), 7.90 (d, 2H), 7.55 (d, 
1H), 4.09 (s, 3H). El MS, [M]+=290. 

B. 7-MethoxvnaDhthalene-2-sulf onic acid f1-f3-cvanobenzyn-2-oxopvrrolidin- 
3-fSVylJamlde. 

20 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using 7- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
50% EtOAc/hexanes solution to give the title compound as a beige solid. 
1 H NMR (CDCI3, 300 MHz) 5 8.38 (d, 1H), 7.91 (d, 1H), 7.81 (d, 1H), 7.73 (dd, 

25 1 H), 7.59 (m, 1 H), 7.42 (m, 3H), 7.30 (dd, 1 H), 7.25 (m, 1 H), 5.39 (d, 1 H), 4.45 
(AB, 2H), 3.92 (s, 3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

C. 7-Methoxyn aphthalene-2-sulfonic acid f1-f3-(amlnoiminomethynbenzyl]-2- 
oxoDvrrolidin-3-fSl-vl)amide trifl uoroacetate. 

30 7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and 
converted to the title compound as in EXAMPLE 1 , Part E. The imidate 
intermediate is formed over a period of 18 hours at room temperature. The 
amidine formation occurred over a period of 18 hours at room temperature. 

35 The crude product is purified by RP-HPLC eluting in a gradient of 10% 

CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
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1 H NMR (DMSO-de, 300 MHz) 8 9.41 (bs, 2H), 9.29 (bs, 2H), 8.33 (d, 1H), 8.19 
(d, 1H), 7.96 (d, 1H), 7.87 (d, 1H), 7.68 (dd, 1H), 7.64 (m, 1H), 7.50 (m, 4H), 
7.27 (dd, 1H), 4.36 (AB, 2H), 4.16 (dd, 1H), 3.48 (s, 3H), 3.04 (m, 2H), 1.93 (m, 
1H), 1.59 (m, 1H). FAB MS, [M+H] + =453. Elemental analysis calculated with 
5 1 .7 mole of H 2 0: C=50.28%, H=4.79%, N=9.38%; found C=50.27%, H=4.14%, 
N=9.07%. 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(R)-yl}amide trifluoroacetate is prepared from 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-(3R)- 
10 yl]amide as above. 

EXAMPLE 10 

7-Ethoxvnaphthalene-2-sulfonic acid f1-r3-(a minoiminomethvnbenzvH-2- 
oxopyrrolidin-3-(S)-vl)amide trifluoroacetate. 

15 

A. 7-Ethoxynaphthalene-2-sulfonvl chloride. 

A 60% dispersion of sodium hydride (0.74 g, 18.45 mmol) in mineral oil is 
washed with hexanes twice and suspended in 35 mL of DMF. To this mixture 
is added slowly via an addition funnel 7-hydroxynaphthalene-2-sulfonic acid, 

20 sodium salt (2.5 g, 10.1 mmol) in 50 mL of DMF at room temperature. The 
reaction mixture is stirred for 75 min during which time mild bubbling is 
observed (H 2 evolution). The mixture is treated with bromoethane (2.42 mL, 
32.5 mmol) and stirred for 16 hours at room temperature. A little ice is added to 
decompose the excess NaH and the resultant mixture is concentrated in vacuo. 

25 The residue is suspended in acetone and concentrated in vacuo two times and 
then is dried under high vacuum. The solid is suspended in acetone, filtered 
and dried to yield the crude 7-ethoxynaphthalene-2-sulfonic acid, sodium salt 
as a beige solid. A mixture of the sulfonic acid, sodium salt (3.77 g) in 10 mL of 
thionyl chloride is heated at 80°C for 2 hours. The mixture is allowed to cool to 

30 room temperature and concentrated in vacuo. The residue is diluted in EtOAc 
and washed successively with water (2x), saturated NaHC0 3 solution and 
saturated NaCI. The organic layer is dried over anhydrous MgS0 4 , filtered and 
concentrated to yield 2.65 g of a crude brown oil. The crude product is purified 
by column chromatography in a gradient of 10% EtOAc/hexanes to 20% 

35 EtOAc/hexanes to afford the title compound (1 .67 g, 6.17 mmol) as a pale 
yellow solid. 
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1 H NMR (CDCI 3 , 300 MHz) 5 8.46 (s, 1H), 7.97 (d, 1H), 7.85 (d, 1H), 7.84 (d, 
1H), 7.38 (dd, 1H), 7.28 (S, 1H), 4.19 (q, 2H), 1.50 (t, 3H). 

B. 7-Ethoxvnaphthalene-2-sulfonic acid f1-(3-cvanoben zvn-2-oxopvrrolidin-3- 
5 (S)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using 7- 
ethoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
50% EtOAc/hexanes solution to give the title compound as a beige solid. 
1 0 1 H NMR (CDCI 3 '+ DMSO-d 6 , 300 MHz) 8 8.27 (d, 1 H), 7.80 (d, 1 H), 7.67 (m, 

2H), 7.47 (m, 1H), 7.41 (bs, 1H), 7.34 (d, 2H), 7.17 (m, 3H), 4.34 (AB, 2H), 4.06 
(q, 2H), 3.87 (m, 1H), 3.04 (m, 2H), 2.25 (m, 1H), 1.81 (m, 1H), 1.39 (t, 3H). 

C. 7-Ethoxvnaphthalene-2-sulfonic acid f1-r3-faminoiminomethvnbenzvn-2- 
15 oxopvrrolidin-3-(S)-vHamide trifluoroacetate. 

7-Ethoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and converted 
to the title compound as in EXAMPLE 1, Part E. The imidate intermediate is 
formed over a period of 18 hours at room temperature. The amidine formation 

20 occurred over a period of 48 hours at room temperature. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.41 (bs, 2H), 9.33 (bs, 2H), 8.37 (d, 1H), 8.24 

25 (d, 1 H), 8.02 (d, 1 H), 7.94 (d, 1 H), 7.73 (dd, 1 H), 7.70 (d, 1 H), 7.56 (m, 4H), 7.32 
(dd, 1H), 4.43 (AB, 2H), 4.17 (q, 2H), 4.15 (m, 1H), 3.10 (m, 2H), 2.00 (m, 1H), 
1.59 (m, 1H), 1.40 (t, 3H). FAB MS, [M+H] + =467. Elemental analysis calculated 
with 1.9 mole of H 2 0: C=50.91%, H=5.04%, N=9.13%; found C=50.92%, 
H=4.44%, N=8.57%. 

30 

EXAMPLE 1 1 

5-Chloro-6-methox vnaDhthalene-2-sulfonic acid (1-f3- 
faminQiminomethvnbenzvn-2-o xopvrrolidin-3-fSVvl>amide trifluoroacetate. 

35 A. 5-Chloro-6-methoxvnaphthalene-2-sulfonvl chloride. 

The title compound is prepared from 6-hydroxynaphthalene-2-sulfonic acid, 
sodium salt as in EXAMPLE 9, Part A. The crude product mixture is purified by 
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column chromatography in a gradient of 5% EtOAc/hexanes to 10% 
EtOAc/hexanes to provide the title compound as a minor by-product. 
1 H NMR (CDCI 3 , 300 MHz) 6 8.57 (d, 1H), 8.42 (d, 1H), 8.05 (dd, 1H), 8.00 (d, 
1H),7.50 (d, 1H), 4.10(3, 3H). 

5 

B. 5-Chloro-6-methoxvnaDhthalene-2-sulfonic acid fW3-cyanobenzyh-2- 
oxoDvrrolidin-3-fS)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D using 5-chloro-6- 
10 methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
EtOAc to give the title compound as a beige solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.44 (d, 1H), 8.38 (d, 1H), 7.98 (dd, 1H), 7.91 (d, 
1H), 7.60 (m, 1H), 7.42 (m, 4H), 5.51 (d, 1H), 4.45 (AB, 2H), 4.09 (s, 3H), 3.80 
(m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

15 

C. 5-Chloro-6-m ethoxvnaphthalene-2-sulfonic acid (1-f3- 
(aminoiminomethvnbenzvl1-2-oxoDvrrolidin- 3-fSVvl}amide trifluoroacetate. 
5-Chloro-6-methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of 

20 EtOH/CH 2 CI 2 and converted to the title compound as in EXAMPLE 1 , Part E. 
The imidate intermediate is formed over a period of 16 hours at room 
temperature. The amidine formation occurred over a period of 24 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 

25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.29 (bs, 2H), 9.10 (bs, 2H), 8.52 (d, 1H), 8.29 
(d, 1H), 8.23 (d, 1H), 8.21 (d, 1H), 7.98 (dd, 1H), 7.71 (d, 1H), 7.67 (d, 1H), 7.58 
(d, 1H), 7.54 (bs, 1H), 7.52 (d, 1H), 4.41 (AB, 2H), 4.16 (m, 1H), 4.04 (s, 3H), 
30 3.09 (m, 2H), 2.01 (m, 1H), 1.59 (m, 1H). FAB MS, [M+H] + =487. Elemental 
analysis calculated with 1 .5 mole of H 2 0: C=47.88%, H=4.32%, N=8.93%; 
found C=47.88%, H=3.88%, N=8.48%. 

EXAMPLE 12 

35 5-Chloro-6.7-dimethoxynaphthalene-2-sulfonic acid {1-[3- 

(aminoiminomethynbenzvl1-2-oxopyrrolidin-3-(SVvl}amide trifluoroacetate. 
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A. 5-Chloro-6.7-dimethoxyna phthalene-2-sulfonvl chloride. 

The title compound is prepared from 6,7-dihydroxynaphthalene-2-sulfonic acid, 
sodium salt hemihydrate as in EXAMPLE 9, Part A. The crude product mixture 
is purified by column chromatography in a gradient of 5% EtOAc/hexanes to 
5 30% EtOAc/hexanes to give the title compound as a minor by-product. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.48 (d, 1H), 8.38 (d, 1H), 7.45 (dd, 1H), 7.30 (s, 
1H), 4.05 (s, 3H),4.00 (s, 3H). 

B. 5-Chloro-6.7-dimethoxvnaphthalene-2-sul fonic acid [1-(3-cvanobenzvn-P- 
10 oxoDvrrolidi n-3-rSWI1amida. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D using 5-chloro- 
6,7-dimethoxynaphthalene-2-sulfonyl chloride. The crude product is triturated 
from EtOAc to give the title compound as a beige solid. 
15 1 H NMR (CDCI3, 300 MHz) 8 8.49 (d, 1 H), 8.25 (d, 1 H), 7.86 (dd, 1 H), 7.55 (m, 
1H), 7.40 (m, 3H), 7.20 (s, 1H), 5.89 (m, 1H), 4.44 (AB, 2H), 4.03 (s, 3H), 4.00 
(s, 3H), 3.86 (m, 1H), 3.20 (m, 2H), 2.59 (m, 1H), 2.07 (m, 1H). 

C. 5-Chloro-6.7-di methoxynaphthalene-2-sulfonic acid {i-[3- 

20 (aminoimin omethvnbenzvll-2-oxopvrrolidin-3-fSVvl}amide trifluoroacetate. 
5-Chloro-6,7-dimethoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of 
EtOH/CH 2 CI 2 and converted to the title compound as in EXAMPLE 1, Part E. 
The imidate intermediate is formed over a period of 24 hours at room 

25 temperature. The amidine formation occurred over a period of 24 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.12 (bs, 2H), 8.43 (d, 1H), 8.30 
(d, 1H), 8.19 (d, 1H), 7.87 (dd, 1H), 7.73 (s, 1H), 7.67 (m, 1H), 7.55 (m, 3H), 
4.41 (AB, 2H), 4.14 (m, 1H), 3.97 (s, 3H), 3.89 (s, 3H), 3.08 (m, 2H), 1.99 (m, 
1H), 1.60 (m, 1H). ISP MS, [M+H] + =517. Elemental analysis calculated with 
1.5 mole of H z O: C=47.38%, H=3.91%, N=8.14%; found C=47.40%, H=4.05%, 

35 N=8.22%. 

EXAMPLE 13 
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Dibenzofuran-2-sulfonic aci d (1-r3-raminoiminomethvnbenzyl1-g-oxopyrrolirlin- 
3-(S)-vl)amide trifluoroacetate. 

A. Dit?enzofuran-2-sulfonic acid ri-f3-cvanohfl nzvlV2-oxopvrrolidin-3-rSV 
5 yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using 2- 
dibenzofuransulfonyl chloride. The crude product is triturated from EtOAc to 
give the title compound as a beige solid. 
1 0 1 H NMR (CDCI„ 300 MHz) 5 8.59 (d, 1 H), 8.04 (dd, 1 H), 7.95 (d, 1 H), 7.64 (d, 
1H), 7.60 (m, 1H), 7.52 (m, 2H), 7.40 (m, 5H), 4.42 (AB, 2H), 3.89 (m, 1H), 3.19 
(m, 2H), 2.57 (m, 1H), 2.08 (m, 1H). 

B. Dibenzofuran-2-sulfonic a cid n-f3-faminoiminomethvnbenzvl1-2- 
15 oxoDvrrolidin -3-rSWI}amide trifluoroacatate 

Dibenzofuran-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and converted 
to the title compound as in EXAMPLE 1, Part E. The imidate intermediate is 
formed over a period of 24 hours at room temperature. The amidine formation 

20 occurred over a period of 40 hours at room temperature. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.12 (bs, 2H), 8.72 (d, 1H), 8.30 

25 (d, 1 H), 8.22 (d, 1 H), 8.04 (dd, 1 H), 7.92 (d, 1 H), 7.79 (d, 1 H), 7.67 (m, 1 H), 7.61 
(m, 2H), 7.56 (m, 1H), 7.55 (bs, 1H), 7.48 (m, 1H), 4.42 (AB, 2H), 4.19 (m, 1H), 
3.10 (m, 2H), 2.04 (m, 1H), 1.61 (m, 1H). FAB MS, [M+H] + =463. Elemental 
analysis calculated with 1.3 mole of H 2 0: C=51.97%, H=4.31%, N=9.32%; 
found C=51.99%, H=3.76%, N=9.00%. 

30 

EXAMPLE 14 

7-Aminonaohthalene-2-sulfoni c acid n-f3-faminoiminomethvnbenzyl1-2- 
oxopvrrolidin-3-fS Vyllamide bistrifluoroacetate. 

35 A. N-Cbz-7-aminonapht halene-2-sulfonyl chloride. 

To a suspension of 7-aminonaphthalene-2-sulfonic acid, sodium salt (3 g, 12.2 
mmol) in 70 mL of water is added solid NaOH (0.98 g, 24 mmol) at room 
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temperature. The mixture is stirred for 30 minutes, and benzyl chloroformate 
(3.43 mL, 24 mmol) is then added. The resulting mixture is stirred over a 
period of 16 hours. The crude product is treated as in EXAMPLE 9, Part A, to 
give 4.18 g of crude N-CBz-7-aminonaphthalene-2-sulfonic acid, sodium salt. 
5 A mixture of the sulfonic acid, sodium salt (4.18 g, 11 mmol) in 12 mL of thionyl 
chloride is heated at 80°C for 3 hours. The mixture is allowed to cool to room 
temperature and concentrated in vacuo. The residue is diluted with EtOAc and 
washed successively with water (2x), saturated NaHC0 3 solution and saturated 
NaCI. The organic layer is dried over anhydrous MgS0 4 , filtered and 
10 concentrated to give a brown oil. The crude product is purified by column 
chromatography in a gradient of 10% EtOAc/hexanes to 30% EtOAc/hexanes 
to afford the title compound (1.76 g, 4.68 mmol) as a beige solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1H), 8.12 (s, 1H), 7.88 (d, 1H), 7.80 (d, 
2H), 7.60 (dd, 1H), 7.34 (m, 5H), 7.27 (s, 1H), 5.21 (s, 2H). 

15 

B. N-Cbz-7-aminonaphthalene-2-sulfonic acid [1-(3-cyanobenzyh-2- 
oxQpyrrQlidin-3-(S)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using N-Cbz-7- 
20 aminonaphthalene-2-sulfonyl chloride in place of 7-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is purified by column chromatography 
using a gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to give the title 
compound as a solid. 

1 H NMR (CDCI3, 300 MHz) 5 8.31 (s, 1H), 8.03 (s, 1H), 7.71 (m, 3H), 7.55 (m, 
25 2H), 7.40 (m, 9H), 5.78 (s, 1H), 5.25 (d, 1H), 5.21 (d, 1H), 4.41 (AB, 2H), 3.85 
(m, 1H), 3.15 (m, 2H), 2.53 (m, 1H), 2.02 (m, 1H). 

C. 7-Aminonaphthalene-2-sulfonic acid (H3-(aminoiminomethynbenzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate. 

30 N-Cbz-7-aminonaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of 
EtOH/CH 2 CI 2 and converted to the title compound as in EXAMPLE 1, Part E. 
The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 18 hours at 

35 room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
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the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.20 (bs, 2H), 8.11 (d, 1H), 8.08 
(s, 1H), 7.82 (d, 1H), 7.72 (d, 1H), 7.67 (m, 1H), 7.55 (m, 3H), 7.48 (dd, 1H), 
5 7.13 (dd, 1H), 7.00 (d, 1H), 5.11 (bs, 3H), 4.42 (AB, 2H), 4.12 (m, 1H), 3.06 (m, 
2H), 1.94 (m, 1H), 1.56 (m, 1H). FAB MS, [M+H] + =438. Elemental analysis 
calculated with 0.8 mole of H 2 0: C=45.96%, H=3.94%, N=10.31%; found 
C=45.97%, H=4.02%, N=10.41%. 

10 EXAMPLE 15 

Naphthalene-2-sulfonic acid f1-[4-(aminoiminomethynbenzyl1-2-oxopyrrolidin- 
3-(SWIlamide trifluoroacetate. 

A. ri-f4-Cvanobenzvn-2-oxoDvrrolidin-3-fSV vl|carbamic acid tart-butyl ester. 

1 5 The title compound is prepared from Boc-L-Asp(H)-OBn as in EXAMPLE 1 , Part 

B, using p-cyanobenzylamine hydrochloride in place of m-cyanobenzylamine 
hydrochloride. The crude residue is purified by column chromatography 
eluting with a gradient of 20% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to give the 
title compound as a white solid. 

20 1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (d, 2H), 7.31 (d, 2H), 5.15 (bs, 1H), 4.53 (AB, 
2H), 4.21 (m, 1H), 3.24 (m, 2H), 2.61 (m, 1H), 1.90 (m, 1H), 1.46 (s, 9H). 

B. 4-(3-(S)-Amino-2-oxopyrrolidin-1 -ylmethyl)benzonitrile hydrochloride. 
The title compound is prepared as a white solid from [1-(4-cyanobenzyl)-2- 
25 oxopyrrolidin-3-(S)-yl]carbamic acid tert-butyl ester as described in EXAMPLE 
1 , Part C. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.65 (bs, 3H), 7.81 (d, 2H), 7.49 (d, 2H), 4.54 
(AB, 2H), 4.08 (m, 1H), 3.30 (m, 2H), 2.40 (m, 1H), 2.01 (m, 1H). 

30 C. Naphthalene-2-sulfonic acid [1-(4-cyanobenzvfl-2-oxopyrrolidin-3-(S)- 
yl]amide. 

The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D. The crude 
product is triturated from EtOAc to give the title compound as a white solid. 1 H 
35 NMR (DMSO-d 6 , 300 MHz) 8 8.50 (s, 1 H), 8.00 (m, 2H), 7.93 (m, 3H), 7.65 (m, 
5H), 7.28 (m, 1H), 4.45 (AB, 2H), 3.80 (m, 1H), 3.20 (m, 2H), 2.55 (m, 1H), 2.11 
(m,1H). 
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P. Naphthalene-2-sulfonic acid (1-r4-taminoiminomethvnbenzyl1-2- 
oxopyrrolidin-3-fSVyl}amide trifluoroacetate. 

Naphthalene-2-sulfonic acid [1-(4-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
5 is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and converted to the title 
compound as in EXAMPLE 1, Part E. The imidate intermediate is formed over 
a period of 18 hours at room temperature. The amidine formation occurred 
over a period of 48 hours at room temperature. The crude product is purified 
by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
1 0 CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.26 (bs, 2H), 9.10 (bs, 2H), 8.49 (d, 1H), 8.30 
(d, 1H), 8.12 (d, 1H), 8.11 (d, 1H), 8.03 (d, 1H), 7.88 (dd, 1H), 7.74 (d, 2H), 7.68 
(m, 2H), 7.40 (d, 2H), 4.44 (AB, 2H), 4.17 (m, 1H), 3.07 (m, 2H), 2.01 (m, 1H), 
15 1.58 (m,1H). FAB MS, [M+H] + =423. Elemental analysis calculated with 1 .4 
moleofH 2 0: C=51.32%, H=4.63%, N=9.97%, found C=51.32%, H=4.36%, 
N=9.78%. 

EXAMPLE 16 

20 7-Methoxvnaphthalene-2 -sulfonic acid M-(3-aminomethylbenzyl)-2- 
oxopyrroiidin-3-($)-yi]amide trifl uoroacetate - 

To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.12 g, 0.27 mmol) in 10 mL of 7 N NH 3 /MeOH is 

25 added a catalytic amount of 5% rhodium on alumina powder. The resulting 
mixture is hydrogenated at room temperature on a Paar apparatus at 50 p.s.i. 
for 3 hours. The crude mixture is filtered through a pad of Celite, washed with 
MeOH (2x10 mL) and concentrated in vacuo. The crude product is purified by 
RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 

30 CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (DMSO-d 6> 300 MHz) 8 8.39 (d, 1H), 8.21 (d. 1H), 8.13 (bs, 3H), 8.01 
(d, 1H), 7.93 (d, 1H), 7.71 (dd, 1H), 7.55 (d, 1H), 7.32 (m, 3H), 7.20 (m, 2H), 
4.30 (AB, 2H), 4.10 (m, 1H), 4.00 (m, 2H), 3.90 (s, 3H), 3.03 (m, 2H), 1.96 (m, 
35 1H), 1.55 (m, 1H). FAB MS, [M+H] + =440. 



EXAMPLE 17 
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Naphthalene-2-sulfonic acid { 1 -f3-(aminoiminomethynbenzyl1-2-oxopyrrolidin- 
3-(S)-vl}methvl amide trifluoroacetate. 

A. Naphthalene-2-sulfonic acid n-(3-cvanobenzyn-2-oxopyrrolidin-3-fS>- 
5 yl]methyl amide. 

Naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
(0.3 g, 0.74 mmol) is dissolved in 9 ml_ of an 8:1 mixture of THF/DMF and 
cooled to 0°C. Sodium hydride (30 mg of a 60% dispersion in mineral oil, 0.75 
mmol) is added and the solution is stirred for 15 minutes. To the mixture is 

1 0 added methyl iodide (0.33 g, 2.34 mmol). The cooling bath is removed and the 
solution is stirred at room temperature for 2 hours. The solution is poured into 
a separatory funnel and diluted with 1 00 mL of EtOAc. The organic layer is 
washed with 1 N HCI, dried over MgS0 4 and concentrated. The residue is 
purified by column chromatography eluting with 10% EtOAc/CH 2 CI 2 to give the 

15 title compound (0.23 g, 0.52 mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.52 (s, 1H), 8.00 (m, 4H), 7.62 (m, 4H), 7.48 (m, 
3H), 4.95 (m, 1H), 4.45 (AB, 2H), 3.20 (m, 1H), 2.80 (s, 3H), 2.37 (m, 1H), 2.05 
(m, 1H). FAB MS, [M+H] + =420. 

20 B. Naphthalene-2-sulfonic acid {1-f3-(aminoiminomethynbenzyl1-2- 

oxopvrrolidin-3-(SVvl}methyl amide trifluo roacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E 

using naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 

yl]methyl amide as the starting material. 
25 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (bs, 2H), 8.52 (s, 1H), 8.15 

(m, 3H), 7.85 (d, 1H), 7.68 (m, 3H), 7.55 (m, -3H), 4.98 (m, 1H), 4.42 (AB, 2H), 

3.15 (m, 2H), 2.69 (s, 3H), 2.02 (m, 1H), 1.82 (m, 1H). FAB MS, [M+H] + =437. 

Elemental analysis calculated with 2 mole of H 2 0: C=51.19%, H=4.985%, 

N=9.55%, found C=51.01%, H=4.35%, N=9.10%. 

30 

EXAMPLE 18 

Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-pyrrolidin-3-(S)- 
yl}amide bis trifluoroacetate. 

35 A. Naphthalene-2-sulfonic acid-N-Boc-3-(SVaminopyrrolidine. 

N-Boc-3-aminopyrrolidine (1.09 g, 5.83 mmol) is dissolved in 30 mL of CH 2 CI 2 . 
To the solution is added triethylamine (0.61 g, 6.02 mmol) followed by 2- 
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naphthalene sulfonyl chloride (1.32 g, 5.83 mmol). The reaction mixture is 
stirred for 4 hours. The crude mixture is diluted with 150 mL of EtOAc and 
washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is 
dried over MgS0 4 , filtered and concentrated to give the title compound (2.19 g, 
5 5.8 mmol) as an oil. 

1 H NMR (CDCI 3I 300 MHz) 5 8.42 (s, 1 H), 7.95 (m, 4H), 7.66 (m, 3H), 5.03 
(bs, 1H), 3.88 (m, 1H), 3.30 (m, 2H), 3.10 (m, 1H), 1.95 (m, 2H), 1.45 (s, 9H). 

B. Naphthalene- 2-sulfonic acid-Pvrrolidin-3-rSVylamide trifluoroacetate. 

10 Naphthalene-2-sulfonic acid-N-Boc-3-(S)-aminopyrrolidine (1.8 g, 4.78 mmol) 
is dissolved in 50 mL of CH 2 CI 2 . Trifluoroacetic acid (8 mL) is added dropwise. 
The reaction mixture is stirred for 16 hours. The solution is concentrated in 
vacuo and then reconcentrated from toluene to give the title compound (1 .8 g, 
4.64 mmol). 

15 1 H NMR (CDCI 3 , 300 MHz) 8 9.10 (bs, 1H), 8.82 (bs, 1H), 8.39 (s, 1H), 7.90 
(m, 3H), 7.78 (d, 1H), 7.61 (m, 3H), 4.00 (bs, 1H), 3.51 (m, 2H), 3.38 (m, 2H), 
2.05 (m, 2H). 

C. Naphthalene-2-sulfonic ac id [1-f3-cvanobenzyn-pyrrolidin-3-(SVyl]amide. 
20 Naphthalene-2-sulfonic acid-pyrrolidin-3-(S)-ylamide trifluoroacetate (0.52 g, 

1.34 mmol) is dissolved in 7 mL of DMF. Triethylamine (0.16 g, 1.6 mmol) is 
added and the reaction mixture is cooled to 0°C. ot-Bromo-m-toluyl nitrile (0.25 
g, 1.27 mmol) is added and the mixture is warmed to room temperature and 
stirred for 2 hours. The reaction mixture is diluted with 150 mL of EtOAc and 
25 the solution is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
purified by column chromatography eluting with 50% EtOAc/CH 2 CI 2 to give the 
title compound (0.2 g, 0.51 mmol) as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.40 (s, 1H), 7.95 (m, 3H), 7.80 (d, 1 H), 7.64 (m, 
30 2H), 7.50 (m, 3H), 7.31 (m, 1 H), 5.04 (d, 1 H), 3.92 (m, 1 H), 3.05 (q, 2H), 2.70 
(m, 1H), 2.40 (m, 2H), 2.18 (m, 2H), 1.59 (m, 1H). 

D. Naphthalene-2-sulfonic acid {1-f3-(aminoiminomethyltoenzyl]-pyrrolidin-3- 
(SVyl}amide bistrifluoroacetate. 

35 The title compound is prepared as in EXAMPLE 1, Part E using naphthalene-2- 
sulfonic acid [1-(3-cyanobenzyl)-pyrrolidin-3-(S)-yl]amide as the starting 
material. 
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1 H NMR (CDCI3, 300 MHz) 8 10.6 (bs, 1H), 9.32 (bs, 3H), 8.45 (s, 1H), 8.14 
(m, 2H), 8.05 (d, 1H), 7.72 (m, 9H), 3.85 (m, 1H), 3.65 (AB, 2H), 3.25 (m, 4H), 
1.95 (m, 2H). FAB MS, [M+H] + =409. Elemental analysis calculated with 1.25 
mole of H 2 0: C=47.39%, H=4.36%, N=8.50%, found C=47.12%, H=3.97%, 
5 N=8.50%. 

EXAMPLE 19 

7-Methoxvnaohthalene-2-sulfonic acid 1 1 -(3-(aminoiminomethvnbenzyl]-2.5- 
dioxoDvrrolidin-3-rSVvllamide trifluoroacetate. 

10 

A. N-Boc-Asp-(m-cyanobenzylamine)-OBn. 

Boc-Asp-OBn (3.23 g, 10 mmol) is dissolved in 100 ml_ of THF. Triethylamine 
(2.53 g, 25 mmol) is added followed by m-cyanobenzylamine hydrochloride 
(1.75 g, 10.4 mmol). The reaction mixture is cooled to -10°C, and the BOP 

15 reagent (4.42 g, 10 mmol) is added. The mixture is stirred for 

16 hours. The crude mixture is diluted with 200 ml_ of EtOAc and washed with 
1 N HCI, 10% Na 2 CO a and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered and concentrated. The residue is purified by column 
chromatography eluting with 20% EtOAc/CH 2 CI 2 to give the title compound 

20 (3.4 g, 7.8 mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.48 (m, 9H), 7.00 (bs, 1H), 5.68 (bs, 1H), 5.15 
(AB, 2H), 4.60 (m, 2H), 4.35 (dd, 1H), 3.12 (dd, 1H), 2.75 (dd, 1H), 1.45 (s, 9H). 

B. [1-(3-CvanobenzvlV2.5-dioxoDvrrolidin-3-fS)-vncarbamic acid tert-butyl 
25 ester. 

N-Boc-Asp-(m-cyanobenzylamine)-OBn (1 g, 2.08 mmol) is dissolved in 20 mL 
of THF and cooled to -78°C. A 1 M solution of lithium hexamethyldisilylazide 
(4.8 mL, 4.8 mmol) in THF is added dropwise. The mixture is stirred for 20 
minutes and 20 mL of saturated NH 4 CI is added. The solution is extracted with 
30 EtOAc and then washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
purified by column chromatography eluting with 20% EtOAc/CH 2 CI 2 to give the 
title compound (0.65 g, 1.8 mmol) as a solid. 

1 H NMR (CDCI3, 300 MHz) 8 7.71 (s, 1H), 7.58 (m, 2H), 7.41 (m, 1H), 5.12 
35 (bs, 1 H), 4.75 (AB, 2H), 4.20 (m, 1 H), 3. 1 0 (dd, 1 H), 2.89 (dd, 1 H), 1 .45 (s, 9H). 



C. 3-(3-(SVamino-2.5-d ioxopvrrolidin-1 -vlmethvhbenzonitrile hydrochloride 
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The title compound is prepared as in EXAMPLE 1, Part C using 1-(3- 
cyanobenzyl)-2,5-dioxopyrrolidin-3-(S)-yl]carbamic acid tert-butyl ester as the 
starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.85 (bs, 2H), 7.60 (m, 4H), 4.68 (AB, 2H), 
5 4.45 (m, 1H), 3.12 (dd, 1H), 2.80 (dd, 1H). 

D. 7-Methoxvnaphthalene-2- sulfonic acid M-(3-cyanobenzvn-2.5- 
dioxoDvrrolidin-3-fSVvnamide. 

The title compound is prepared as in EXAMPLE 1, Part D using 3-(3-(S)- 
10 amino-2,5-dioxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride and 
7-methoxynaphthalene-2-sulfonyl chloride. 

'H NMR (CDCI 3 , 300 MHz) 8 8.31 (s, 1H), 7.91 (d, 1H), 7.81 (d, 1H), 7.70 (d, 
1H), 7.56 (m, 2H), 7.35 (m, 2H), 7.21 (m, 2H), 5.39 (bs, 1H), 4.62 (AB, 2H), 4.12 
(m, 1H), 3.92 (s, 3H), 3.15 (dd, 1H), 2.90 (dd, 1H). 

15 

E. 7-Methoxvnaphthalene-2-s ulfonic acid {1-r3-(aminoiminomethvhhen7yl]. 
2.5-dioxopvrrolidin-3-fSVyl}amid e trifluoroacetate. 

The title compound is prepared as in EXAMPLE 1 , Part E using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2,5-dioxopyrrolidin-3- 

20 (S)-yl]amide as the starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.18 (bs, 2H), 8.42 (d, 1H), 
8.39 (s, 1H), 8.05 (d, 1H), 7.95 (d, 1H), 7.70 (m, 3H), 7.48 (m, 3H), 7.37 (d, 1H), 
4.68 (m, 3H), 3.89 (s, 3H), 2.80 (dd, 1H), 2.32 (dd, 1H) FAB MS, [M+H] + =467. 
Elemental analysis calculated with 1.75 mole of H 2 0: C=49.06%, H=4.36%, 

25 N=9.15%, found C=48.99%, H=4.17%, N=8.98%. 

EXAMPLE 20 

Naphthalene-2-sulfonic aci d {1 -f3-(aminoiminomethvnbenzyl]-2-oxopiperidin- 
3-yl}amide trifluoroagetate. 

30 

A. 3-[fN-BocV3-amino-2-oxo piperidin-1-ylmethyn-benzonitrile. 
A mixture of N-a-Boc-L-ornithine (1.5 g, 6.45 mmol) and 3-cyanobenzaldehyde 
(0.42 g, 3.23 mmol) are suspended in 20 mL of MeOH. A solution of anhydrous 
zinc chloride (0.24 g, 1.79 mmol) and sodium cyanoborohydride (0.22 g, 3.5 
35 mmol) in 5 mL of MeOH is added. The mixture is stirred for 16 hours at room 
temperature. After this time, 20 mL of 1 N NaOH is added. The solution is 
concentrated and the residue is partitioned between EtOAc and water. The 
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organic layer is washed with saturated NaCI. The organic layer is dried over 
MgS0 4> filtered and concentrated to give N-oc-Boc-N-8-(3-cyanobenzyl)-L- 
ornithine. A portion of the crude residue (0.75 g, 2.16 mmol), BOP reagent 
(1.05 g, 2.38 mmol) and potassium hydrogen carbonate (1.08 g. 10 3 rt:.n .l) 
5 are dissolved in 20 ml_ of DMF. The reaction mixture is stirred for 16 hours and 
then diluted with 300 mL of EtOAc. The organic layer is washed with 1 N HCI, 
10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over MgSG 4 , 
filtered and concentrated. The residue is purified by column chromatography 
eluting with a gradient of 15% EtOAc/CH 2 CI 2 to 35% EtOAc/CH 2 CI 2 to give the 
10 title compound (0.26 g, 0.76 mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.49 (m, 4H), 5.50 (bs, 1 H), 4.59 (s, 2H), 4.08 
(m, 1H), 3.21 (m, 2H), 2.48 (m, 1H), 1.89 (m, 2H), 1.62 (m, 1H), 1.45 (s, 9H). 

B. Naphthalene-?-sulfonic acid ri-f3-cvanobe nzvlV2-oxopiperidin-a-vl1amide. 

15 3-[(N-Boc)-3-amino-2-oxopiperidin-1-ylmethyl]-benzonitrile (0.25 g, 0.76 mmol) 
is dissolved in 5 mL of CH 2 CI 2 . To the solution is added 1 mL of trifh'ore v.'.etic 
acid. The mixture is stirred for 3 hours at room temperature and frau 
concentrated. The residue is reconcentrated from toluene to give 3-(3-amino- 
2-oxopiperidin-1-ylmethyl)benzonitrile trifluoroacetate (0.23 g, 0.76 mmol) as a 

20 solid. The crude product is then treated as in EXAMPLE 1 , Part D to give the 
title compound. 

1 H NMR (CDCI 3I 300 MHz) 8 8.49 (s, 1H), 7.94 (m, 4H), 7.51 (m, 6H), 6.10 (s, 
1H), 4.47 (AB, 2H), 3.56 (m, 1H), 3.20 (m. 2H), 2.52 (m, 1H), 1.83 (m, 3H). 

25 C. Naohthalene-2-sulfo nic acid f1-[3-(aminoiminomethvnbflnzvll-2- 
oxopiperidin-3-vllamide trifluoroacetate. 

The title compound is prepared as in EXAMPLE 1, Part E using naphthalene-2- 
sulfonic acid [1-(3-cyanobenzyl)-2-oxopiperidin-3-yl]amide as the start!, ig 
material. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.19 (bs, 2H), 8.48 (s, 1 l f h 

8.04 (m, 4H), 7.90 (d, 1H), 7.60 (m, 6H), 4.48 (s, 2H), 3.95 (m, 1H), 3.18 (s : 2H), 
1.86 (m, 1H), 1.69 (m, 3H). FAB MS, [M+H] + =437. Elemental analysis 
calculated with 1 mole of H 2 0: C=52.81%, H=4.79%, N=9.84%, found 
C=52.85%, H=4.77%, N=9.15%. 



EXAMPLE 21 
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7-Methoxvnaphthalene-2-sulfonic acid 11 -r3- (aminoiminomethvnbenzvn-2-oxo- 
azepan-3- ( S)-vl)am ide trif luoroacetate. 

A. L-M-a-Boc -amino-F.-caprolactam. 
5 L-(-)-a-Amino-e-caprolactam (5 g, 39 mmol) and triethylamine (4.9 g, 49 rr<mol) 
are dissolved in 100 ml_ of CH 2 CI 2 . To the solution is added Boc annycnde 
(8.5 g, 39 mmol) and dimethylaminopyridine (0.1 g). The reaction mixture is 
stirred for 16 hours at room temperature. After this time, the solution is washed 
with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
1 0 MgS0 4 , filtered and concentrated to give the title compound (6.23 g, 27 mmol) 
as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 6.15 (bs, 1H), 5.90 (bs, 1H), 4.24 (m, 1H), 3.21 
(m, 2H), 2.05 (m, 2H), 1.79 ( m, 2H), 1.45 (m, 11H). 

15 B. ri-(3-Cvanobenzvn-2-oxoazepan-3-fS Vvncarbamic acid tert-butvl ester. 
L-(-)- a-Boc-amino-e-caprolactam (1.07 g, 4.7 mmol) is dissolved in 45 mL of 
THF and cooled to 0°C. To the solution is added a 1M solution of lithium 
hexamethyldisilylazide (4.7 mL, 4.7 mmol) in THF. The mixture is stirred for 30 
minutes at 0°C. To the resulting solution is added oc-bromo-m-toluyl nitrile (0.9 

20 g, 4.7 mmol). The reaction mixture is stirred for 4 hours. The solution is diluted 
with 100 mL of EtOAc and is washed with 1 N HCI, 10% Na 2 C0 3 and saturated 
NaCI. The organic layer is dried over MgS0 4 , filtered and concentrated. The 
residue is purified by column chromatography eluting with 20% EtOAc/CH 2 CI 2 
to give the title compound (1.05 g, 3.1 mmol) as a solid. 

25 1 H NMR (CDCI 3 , 300 MHz) 8 7.45 (m, 4H), 5.95 (d, 1 H), 4.85 (AB, 1 H), 4.35 
(AB, 1H), 4.40 (m, 1H), 3.48 (m, 1H), 3.15 (dd, 1H), 2.05 (m, 1H), 1.90 (m, 1H), 
1.70 (m, 2H), 1.49 (m, 1H), 1.45 (s, 9H), 1.20 (m, 1H). 

C. 3-(3-fSVAminn-2-oxoazepa n-1-vlmethvnbenzonitrile hydrochloride. 
30 The title compound is prepared as in EXAMPLE 1, Part C using [1-(3- 

cyanobenzyl)-2-oxoazepan-3-(S)-yl]carbamic acid tert-butyl ester n tns 
starting material. El MS, [M]+=243. 

D. 7-Methoxynaphthalene-2-sulfonic acid M-f3- cvanobenzvn-2-oxoazenan-3- 
35 (S)-vnamide. 

The title compound is prepared as in EXAMPLE 1, Part D using 3-(3-(S)- 
amino-2-oxoazepan-1-ylmethyl)benzonitrile hydrochloride and 
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7-methoxynaphthalene sulfonyl chloride as the starting materials. 
1 H NMR (CDCI 3) 300 MHz) 8 8.32 (s, 1 H), 7.88 (m, 2H), 7.68 (d, 1 H), 7.29 (m, 
3H), 7.08 (m, 1H), 6.96 (m, 1H), 6.35 (d, 1H), 4.80 (AB, 1H), 4.10 (AB, 1H), 4.00 
(m, 1H), 3.92 (s, 3H), 3.19 (m, 1H), 3.05 (m, 1H), 2.18 (m, 1H), 1.95 (m, 1H), 
5 1.65 (m, 2H), 1.18 (m,3H). 

E. 7-MethoxvnaDhthalene-2-sulfonic acid {1-f3-faminoiminomethyl )ben/.vl]-2- 
oxoazepan-3-fS)-yl}amide trifluoroacetate. 

The title compound is prepared as in EXAMPLE 1, Part E using 7-methoxy 
10 naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxoazepan-3-(S)-yl]amide 
as the starting material. 

1 H NMR (DMSO-d 6l 300 MHz) 8 9.28 (bs, 2H), 9.08 (bs, 2H), 8.32 (s, 1 H), 
7.95 (m, 2H), 7.79 (d, 1H), 7.62 (m, 3H), 7.60 (d, 1H), 7.32 (m, 2H), 7.10 (d, 1H), 
4.13 (AB, 2H), 3.89 (s, 3H), 3.40 (m, 1H), 3.15 (m, 1H), 1.79 (m, 3H), 1.51 (m, 
15 3H), 1.12 (m, 1H). FAB MS, [M+H] + =481. Elemental analysis calculated with 
0.5 mole of H 2 0: C=53.73%, H=5.01%, N=9.28%, found C=53.77%, H=4.86%, 
N=9.26%. 

EXAMPLE 22 

20 7-Methoxvnaphthalene-2-sulfonic acid H-r3-(amlnolminomethvl)hm 'zv^ oxo- 
pyrrolidin-3-(S)-yl}methyl amide trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid ri-f3-cvanobenzvh-2-oxopvrrolidin- 
3-fSVvnmethvl amide. 

25 The title compound is prepared as in EXAMPLE 17, Part A using 7- 

methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide as the starting material. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.44 (d, 1H), 7.92 (d, 1H), 7.82 (m, 2H), 7.61 (m, 
1H), 7.47 (m, 3H), 7.28 (m, 2H), 4.97 (m, 1H), 4.53 (AB, 1H), 4.39 (AB, 1H), 3.96 
30 (s, 3H), 3.1 3 (m, 2H), 2.83 (s, 3H), 2.36 (m, 1 H), 2.37 (m, 1 H), 2.06 (m, 1 H). 

B. 7-Methoxvnaphthalene-2-sulfonic acid {1-r3-(amino iminomethvl M:)en;'\,iV2- 
oxopvrrolidin-3-(SVyl}methyl amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
35 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]methyl amide as the starting material. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.07 (bs, 2H), 8.38 (s, 1H), 8.01 
(d, 1H), 7.93 (s, 1H), 7.68 (m, 2H), 7.54 (m, 4H), 7.33 (d, 1H), 4.90 (m, 1H), 4.40 
(AB, 2H), 3.88 (s, 3H), 3.12 (m, 2H), 2.66 (s, 3H), 1.98 (m, 1H), 1.75 (m, JH). 
FAB MS, [M+H] + =467. Elemental analysis calculated with 2.5 mole of H 2 0: 
5 C=49.92%, H=5.16%, N=8.96%, found C=50.03%, H=4.56%, N=8.70%. 

EXAMPLE 23 

3-(3-($)-Amino-2-oxopyrrolidin-1-vlmethvnbenzo nitrile hydrochloride. 

10 A. f2-OxoDvrrolidin-3-(S) -vn-carbamic acid tert-butyl ester. 

To a solution of (S)-Boc-diaminobutyric acid (25 g, 115 mmol), triethylamine 
(35 g, 344 mmol), and hydroxybenzotriazole (19.3 g, 143 mmol) in 0.5 L of THF 
is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (27.4 g, 
143 mmol). The solution is heated to 60°C over 15 minutes. A white 

15 precipitate forms and the solution is kept at 60°C for 4 hours. After this time, the 
solution is filtered and the collected liquid is concentrated. The cruae product 
is purified by column chromatography in a gradient of 1% MeOH/CH 2 CI 2 to 3% 
MeOH/CH 2 CI 2 to afford the title compound (19.6 g, 98 mmol) as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 86.17 (bs, 1H), 5.08 (bs, 1H), 4.12 (m, 1H), 3.33 (m, 

20 2H), 2.65 (m, 1 H), 2.00 (m, 1 H), 1 .42 (s, 9H). 

B. ri-(3-Cvanobenzvl)-2-oxopvrrolidin-3-rS^-yl]na rbamic acid terf-butyl ester. 
To a solution of (2-oxopyrrolidin-3-(S)-yl)-carbamic acid terf-butyl ester (9 g, 45 
mmol) and a-bromo-m-toluyl nitrile (9.3 g, 47 mmol) in 225 ml_ of THF/DMF 

25 (10:1) at 0°C is added a 60% mineral oil dispersion of sodium hydride (1.8 g, 
46 mmol). The reaction mixture is stirred at 0°C for 0.5 hours and then is 
allowed to warm to ambient temperatures. After 3 hours, the reaction mixture is 
quenched by the addition of saturated NH 4 CI and diluted with EtOAc, Tr.© 
layers are separated. The organic layer is washed with 1 N HCI, H 2 0 and 

30 saturated NaCI. The organic layer is dried over MgS0 4 , filtered, and 

concentrated. The crude product is purified by column chromatography eluting 
with gradient of 20% EtOAc/hexanes to 40% EtOAc/hexanes to afford the title 
compound (12.7 g, 40 mmol) as a white solid. 

1 H NMR (CDCIg, 300 MHz) 8 7.55 (m, 4H), 5.18 (bs, 1H), 4.47 (AB, 2H), 4.18 
35 (dd, 1H), 3.21 (m, 2H), 2.60 (m, 1H), 1.42 (s, 9H). 



C 3-(3-(S)-Amino-2-oxopvrrolidin-1-ylmethvnbenzo nitrile hydrochloride. 
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To a solution of [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]carbamio ai>j tert- 
butyl ester (9.1 g, 29 mmol) in 150 ml_ of EtOAc at 0°C is bubbled HCI gas for 
10 minutes. After this time, the solution is stirred for 4 hours. The solution is 
then concentrated to give the title compound (7.3 g, 29 mmol) as a white solid. 
5 1 H NMR (DMSO-d 6 , 300 MHz) 5 8.71 (bs, 3H), 7.85 (m, 2H), 7.70 (m, 2H), 4.58 
(AB, 2H), 4.13 (m, 1H), 3.32 (m. 2H), 2.44 (m, 1H), 2.18 (m, 1H). 

EXAMPLE 24 

6-Methoxvnaphthalene-2-sulfo nic acid {1 -r3-feminoiminomethvnbenzvl]-2- 
10 oxopvrrolldin-3-fSVvltemide trifluoroacetate. 

A. 6-Methoxvnaphthalene-2-sulfonvl chloride. 

To a suspension of 6-hydroxynaphthalene-2-sulfonic acid, sodium salt [S g, 
20.3 mmol) in 40 mL of 2:1 H 2 0/ethanol is added solid NaOH (0.89 g, 22.3 

1 5 mmol) at room temperature. The resulting black mixture is stirred until a 

homogenous solution forms, and dimethyl sulfate (2.11 mL, 22.3 mmol) is then 
added. The mixture is stirred over a period of 16 hours as a precipitate 
eventually forms. The crude mixture is concentrated in vacuo and the residue 
is stirred in 70 mL of absolute EtOH as a slurry. The precipitate is filtered and 

20 dried. The solid is heated at reflux in 100 mL of 95% EtOH for 2.5 hours 

allowed to cool to room temperature, filtered and dried to give 3.31 g of crude 
6-methoxynaphthalene-2-sulfonic acid, sodium salt. A mixture of the sulfonic 
acid, sodium salt (3.31 g, 12.7 mmol) in 5.3 mL of phosphorous oxychloride 
and phosphorous pentachloride (3.44 g, 16.5 mmol) is heated slowly to 60°C 

25 until a homogenous solution forms and then is heated at 120°C for 4 hours. 
The resulting mixture is allowed to stir at room temperature overnight, then is 
added slowly to a mixture of ice/ice water. The mixture is diluted with water 
and extracted with CHCI g . The combined organic layers are washed 
successively with water and saturated NaHC0 3 solution. The organic phase is 

30 dried over anhydrous MgS0 4 , filtered and concentrated to give 4 g of a crude 
product. The crude product is purified by column chromatography in a gradient 
of 10% EtOAc/hexanes to 20% EtOAc/hexanes to afford the title compound 
(1.51 g, 5.88 mmol) as a crystalline solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.50 (d, 1H), 7.91 (m, 3H), 7.31 (d, 1H), 7.21 (d, 
35 1 H), 3.99 (s, 3H). El MS, [M] + =256. 
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B. 6-Methoxvnaphthalene-2-sulfonic acid [1-(3-cyanobenzyn-2-oxopvrro[idin- 
3-fS)-yl]amide. 

3-(3-(S)-Amino-2-oxopyrrolidin-1-ylmGthyl)benzonitrile hydrochloride (0.20 g, 
0.79 mmol) is suspended in 10 mL of CH 2 CI 2 . To the solution is added 
5 triethylamine (0.24 g, 2.37 mmol) followed by 6-methoxynaphthalene-2- 

sulfonyl chloride (0.25 g, 0.99 mmol). After stirring for 1 .5 hours the solution is 
diluted with EtOAc and washed with 1 N aqueous HCI, water, saturated 
NaHCOg solution and saturated NaCI solution. The organic layer is dried over 
MgS0 4 , filtered and concentrated to provide crude material which is purified by 
1 0 column chromatography in a gradient of 20% EtOAc/ CH 2 CI 2 to 50% 

EtOAc/CH 2 CI 2 to afford the title compound (0.18 g, 0.41 mmol) as a solid. 
1 H NMR (CDCI 8 , 300 MHz) 8 8.40 (s, 1H), 7.90 (m, 3H), 7.59 (m, 1H), 7.46 (m, 
3H), 7.29 (m, 1H), 7.20 (d, 1H), 5.40 (d, 1H), 4.40 (s, 2H), 3.99 (s, 3H), 3.75 (m, 
1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.13 (m, 1H). 

15 

C. 6-Methoxvnaphthalene-2-sulf onic acid {1-f3-taminoiminomethvnbenzyll-2- 
oxopyrrolidin-3-(SVvl)amide trifluoroacetate. 

6-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide (0.18 g, 0.41 mmol) is dissolved in 10 mL of a 2:1 mixture of 

20 EtOH/CH 2 CI 2 . The solution is cooled to 0°C and HCI gas is bubbled through 
the solution for 10 minutes. The ice bath is removed and the reaction mixture is 
stirred at room temperature for 18 hours. After this time, the solutkv! i$ 
concentrated and pumped under high vacuum until dry. The residue is 
dissolved in 10 mL of methanol, cooled to 0°C and ammonia gas is bubbled 

25 through the solution for 10 minutes. The reaction mixture is stirred at room 
temperature for 42 hours. After this time, the solution is concentrated and the 
residue is purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 
(0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) over a 30 min period. The 
appropriate fractions are lyophilized to give the title compound (0.1 1 g, 0.19 

30 mmol) as an amorphous white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.10 (bs, 2H), 8.40 (s, 1H), 8.19 
(d, 1H), 8.04 (d, 1H), 8.00 (d, 1H), 7.82 (dd, 1H), 7.68 (m, 1H), 7.55 (m, 3H), 
7.45 (d, 1H), 7.30 (dd, 1H), 4.42 (AB, 2H), 4.15 (m, 1H), 3.91 (s, 3H), 3.09 (m, 
2H), 1.99 (m, 1H), 1.58 (m, 1H). FAB MS, [M+H] + =453. Elemental analysis 

35 calculated with 2.5 mole of H z O: C=50.60%, H=5.13%, N=9.45%; touna 
C=50.66%, H=4.28%, N=9.13%. 
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EXAMPLE 25 

6-Methoxvnaphthalene-2-sulfonic acid { 1 ^3-( aminoiminomethvl)benzyl1-2- 
oxopyrrolidin-3-(S)-vl)methvl amide trifluoroacetate. 

5 A. 6-Methoxvnaphthalene-2-sulfonic acid f1-f3-cvanoh enzvn-2-oxopvrrolidin- 
3-(SVvl)mBthvl amide. 

6-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide (0.24 g, 0.55 mmol) is dissolved in 5 ml_ of an 8:1 mixture of 
THF/DMF and cooled to 0°C. Sodium hydride (24 mg of a 60% dispersion in 

10 mineral oil, 0.61 mmol) is added and the solution is stirred for 15 minutes. To 
the mixture is added methyl iodide (0.15 g, 1.10 mmol). The cooling bath is 
removed and the solution is stirred at room temperature for 2 hours. The 
solution is poured into a separatory funnel and diluted with 100 mL of EtOAc. 
The organic layer is washed with 1 N HCI, saturated NaHC0 3 and saturated 

15 NaCI, then dried over MgS0 4 , filtered and concentrated. The crude residue is 
purified by column chromatography eluting with 25% EtOAc/CH 2 CI 2 to g<ve the 
title compound (0.23 g, 0.51 mmol) as a solid. 

1 H NMR (CDCI 3I 300 MHz) 8 8.45 (s, 1H), 7.87 (m, 3H), 7.59 (m, 4H), 7.20 (m, 
2H), 4.95 (m, 1H), 4.44 (AB, 2H), 3.95 (s, 3H), 3.21 (m, 2H), 2.80 (s, 3H), 2.40 
20 (m, 1H),2.09(m, 1H). 

B. 6-MethoxvnaphthalQne- 2-sulfonic acid f1-f3-^aminoiminomethvnbenzyll-3- 
oxopvrrolidin-.'W fiWDmethvl amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 24, Part C using 6- 
25 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]methyl amide as the starting material. The imidate intermediate is formed 
over a period of 18 hours at room temperature. The amidine formation 
occurred over a period of 18 hours at room temperature. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
30 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.17 (bs, 2H), 8.43 (d, 1H), 8.06 
(d, 1H), 7.99 (d, 1H), 7.81 (dd, 1H), 7.70 (m, 1H), 7.58 (m, 3H), 7.46 (d, 1H), 
7.30 (dd, 1H), 4.92 (m, 1H), 4.43 (AB, 2H), 3.90 (s, 3H), 3.17 (m, 2H), 2.67 (s, 
35 3H), 2.00 (m, 1 H), 1 .79 (m, 1 H). FAB MS, [M+H] + =467. Elemental analysis 
calculated with 1.8 mole of H 2 0: C=50.91%, H=5.04%, N=9.13%, found 
C=50.92%, H=4.55%, N=8.83%. 
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EXAMPLE 26 

2-r(1-r3-fAminoiminomethvl)b6n zvll-2-oxoDvrrolidin-3-fSVvl}-6- 
methoxynaphthalene-2-sulfonvlaminol-N-phenethvlacet a mide trifluoroacetate. 

5 

A. 2-f! 1 -(3-Cvanohen7.vl)-2-QXOPvrrolidin-3-(S)-vi;-6-methoxvnaphthal e nP-p. 
sulfonvlaminol- N-acetic acid t-butyl ester. 

To a solution of 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 24 part B, 

10 (0.33 g, 0.76 mmol) and t-butyl bromoacetate (0.15 g, 0.77 mmol) in DMF 
(6 mL) is added KjCOa (0.21 g, 1.5 mmol). The reaction mixture is stirred for 
3 hours. After this time, the reaction mixture is diluted with EtOAc and H 2 C. 
The layers are separated. The organic layer is washed with H 2 0 and saturated 
NaCI. The crude product is purified by column chromatography in a gradient of 

1 5 1 0% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to afford the title compound (0.42 g, 
0.76 mmol) as a white foam. 

B. 2-f{ 1 -(3-Cvanobenzvl)-2-oxopvrrolidin-3-rsV vl)-6-methoyvnaphthalene-2- 
sulfonvlaminol-N-acetic acid. 

20 2-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-6-methoxynaphthalene-2- 
sulfonylamino]-N-acetic acid t-butyl ester is dissolved in 25 mL 
CHjCL/trifluoroacetic acid (5:1). After 3 hours, the solution is concentrated to 
give the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 6 8.39 (s, 1H), 7.85 (m, 3H), 7.60 (d, 1H), 7.49 (m, 
25 3H), 7.19 (m, 2H), 4.77 (t, 1H), 4.51 (AB, 2H), 4.02 (m, 1H), 3.92 (s, 3H), 3.32 
(m, 1H), 3.28 (m, 2H), 2.39 (m, 1H), 2.11 (m, 1H). 

C. 2-rf1-f3-Cvanobenzvn-2-oxo pvrrolidin-3-rsVvlV6-methoxvnaDhthal8nft-2- 
sulfonvlaminol-N-nhenethvlacetamiriP. 

30 To a solution of 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-6- 

methoxynaphthalene-2-sulfonylamino]-N-acetic acid (0.41 g, 0.83 mmol), 
triethylamine (0.28 g, 2.8 mmol) and phenethylamine (0.28 g, 2.8 mmol) in 8 
mL of DMF is added benzotriazol-1-yloxy-tris(dimethylamino)phosphonium 
hexafluorophosphate (0.37 g, 0.83 mmol). The solution is stirred for 16 hours. 

35 After this time, the solution is diluted with EtOAc. The organic layer is washed 
with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered, and concentrated. The crude product is purified by column 
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chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/CH 2 CI 2 to afford the title compound (0.40 g, 0.70 mmol) as a white solid. 
1 H NMR (CDCI 3I 300 MHz) 8 8.38 (s, 1H), 7.86 (m, 4H), 7.51 (m, 4H), 7.19 (m, 
6H), 4.58 (AB, 1H), 4.38 (m, 3H), 3.91 (m, 3H), 3.78 (AB, 2H), 3.29 (m, 4H), 2.62 
5 (m, 2H), 2.21 (m, 2H). 

D. 2-H 1 -f3-f Am i noim inometh vnbenzvl]-2-oxopyrrolidin-3-f SVyl}-6- 
methoxvnaDhth alene-2-sulfonvlamino]-N-Dhenethylacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 

10 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-6-methoxynaphthalene-2- 
sulfonylamino]-N-phenethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/ H 2 0 fO.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product f: actons are 
lyophilized to provide the title compound as a white solid. 

15 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 4H), 8.48 (s, 1H), 8.19 (m, 1H), 8.00 
(m, 2H), 7.88 (m, 1H), 7.69 (m, 1H), 7.54 (m, 3H), 7.42 (m, 1H), 7.18 (m, 5H), 
4.80 (t, 1H), 4.41 (m, 2H), 3.89 (m, 4H), 3.56 (m, 1H), 3.18 (m, 4H), 2.62 (m, 2H), 
2.01 (m, 2H). FAB MS, [M+H] + =614. Elemental analysis calculated with 2.25 
mole of H 2 0 cal. C=54.90%, H=4.79%, N=9.01%, found C=54.72%, H=5.31%, 

20 N=9.12%. 



EXAMPLE 27 

9. 1 0-Dioxo-8a.9.1 0. 1 0a-tetrahv droanthracene-2-sulfonic acid fl-ffl- 
(aminQiminometh y l) benzvn-2-oxopvrrolidin-3-(S)-vl)amide trifluoroacetate. 

25 

A Anthraauinone-2-sulfonvl chloride. 

A mixture of anthraquinone-2-sulfonic acid, sodium salt (5 g, 15.2 mmol) in 6.4 
mL of phosphorous oxychloride and phosphorous pentachloride (4.12 g, 19.8 
mmol) is heated slowly to 60°C until a homogenous solution forms and then is 

30 heated at 120°C for 4 hours. The resulting mixture is cooled in an ice bath and 
a mixture of ice/ice water is added slowly with stirring. The mixture is diluted 
with water and extracted twice with CHCI 3 . The combined organic layers are 
washed successively with saturated NaHC0 3 solution and saturated NaCI 
solution. The organic phase is dried over anhydrous MgS0 4 , filtered and 

35 concentrated to give 4.50 g of crude product sulfonyl chloride which is of 
sufficient purity to be used in subsequent reactions. 
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'H NMR (CDCI3, 300 MHz) 8 8.99 (d, 1H), 8.58 (d, 1H), 8.39 (m, 3H), 7.90 (m, 
2H). El MS, [M] + =306. 

B. 9.10-Dioxo-8a.9.10.10a-tetrahvdroanthracene-2-sulfQnic acid fl-(3- 
5 cvanobenzvn-2-oxopvrrol idin-3-fS^-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 
anthraquinone-2-sulfonyl chloride in place of 6-methoxynaphthalene-?- 
sulfonyl chloride. The crude product is purified by column chromatography in a 
1 0 gradient of 20% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to give the title compound 
as a solid. 

1 H NMR (CDCI 3) 300 MHz) 8 8.82 (d, 1H), 8.41 (d, 1H), 8.30 (m, 3H), 7.85 (m, 
2H), 7.58 (d, 1H), 7.47 (m, 3H), 6.20 (bs, 1H), 4.50 (AB, 2H), 4.03 (m, 1H), 3.29 
(m, 2H), 2.69 (m, 1H), 2.15 (m, 1H). 

15 

C. 9. 1 0-Dioxo-8a.9. 1 0. 1 0a-tetr ahvdroanthracene-2-sulfonic acid {1 -[3- 
(aminoiminomethvl)benzvl1-2-oxopvrrolidin-3-(S Vyl}amide trifluoroacetate. 
9, 1 0-Dioxo-8a,9, 1 0, 1 0a-tetrahydroanthracene-2-sulfonic acid [1 -(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound 

20 as described in EXAMPLE 24, Part C. The imidate intermediate is formed over 
a period of 18 hours at room temperature. The amidine formation occurred 
over a period of 18 hours at room temperature. The crude product is purified 
by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

25 provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.05 (bs, 2H), 8.63 (d, 1H), 8.59 
(d, 1H), 8.32 (m, 2H), 8.20 (m, 2H), 7.94 (m, 2H), 7.61 (m, 1H), 7.50 (m, 3H), 
4.36 (AB, 2H), 4.21 (m, 1H), 3.08 (m, 2H), 2.09 (m, 1H), 1.60 (m, 1H). FAB MS, 
[M+H] + =503. Elemental analysis calculated with 1.8 mole of H 2 0: C=51.78%, 

30 H=4.14%, N=8.63%, found C=51.79%, H=3.82%, N=8.28%. 
EXAMPLE 28 

8-Chloro-7-methoxvnaDhthalerie -2-sulfonic acid {1-[3- 
(aminoiminomethvnbenzvn-2-oxoDvrrolidin-3-fS)-yllamide trifluoroacetate. 

35 

A. 8-Chloro-7-methoxynaphth alQne-2-sulfonvl chloride. 

The title compound is prepared as described in EXAMPLE 24, Part A using 
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7-hydroxynaphthalene-2-sulfonic acid, sodium salt (15 g, 60.9 mmol) in place 
of 6-hydroxynaphthalene-2-sulfonic acid, sodium salt. The crude 7- 
methoxynaphthalene-2-sulfonic acid, sodium salt (12.6 g) obtained is likewise 
chlorinated in the presence of excess phosphorous oxychloride and 
5 phosphorous pentachioride. The crude product (10 g) is purified by column 
chromatography in a gradient of 5% EtOAc/hexanes to 30% EtOAc/hexanes to 
afford the title compound (1.49 g, 5.12 mmol) as the minor component as a 
solid. 

1 H NMR (CDCI 3) 300 MHz) 6 8.95 (d, 1H), 8i01 (d, 1H), 7.90 (d, 2H), 7.55 (d, 
10 1H),4.09(s,3H). El MS, [M] + =290. 

The 7-methoxynaphthalene-2-sulfonyl chloride (3.80 g, 14.8 mmol) is also 
isolated as the major component from the above procedure as a white 
crystalline solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.49 (d, 1H), 7.96 (d, 1H), 7.85 (d, 2H), 7.39 (dd, 
15 1 H), 7.29 (d, 1 H), 3.99 (s, 3H). El MS, [M] + =256. 

B. 8-Chloro-7-methoxvnaphthalene-2-sulfonin acid M-t3-cvanobenzyn-2- 
oxoDvrrolidin-3-rsVyHamirifi 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidiii-i- 
20 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 8-chloro- 
7-methoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene- 
2-sulfonyl chloride. The crude product is triturated from 50% EtOAc/hexanes 
solution to give the title compound as a beige solid. 

1 H NMR (CDCIg, 300 MHz) 6 8.81 (s, 1H), 8.00 (d, 1H), 7.86 (m, 2H), 7.59 (m, 
25 1H), 7.45 (m, 4H), 5.49 (s, 1H), 4.47 (s, 2H), 4.10 (s, 3H), 3.81 (m, 1H), 3.22 (m, 
2H),2.65(m, 1H),2.10(m, 1H). 

C. 8-Chloro-7-methoxvnaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethvnbenzvn-2-oxo Dvrrolidin-3-fSVvllamide trifluoroacetate. 

30 8-Chloro-7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 

oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as desalted in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 18 
hours at room temperature. The amidine formation occurred over a period of 
18 hours at room temperature. The crude product is purified by RP-HPLC 

35 eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% 
TFA and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
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1 H NMR (DMSO-d 6l 300 MHz) 6 9.35 (bs, 2H), 9.30 (bs, 2H), 8.60 (s, 1H) ; 8.41 
(d, 1H), 8.15 (d, 1H), 8.10 (d, 1H), 7.81 (dd, 1H), 7.76 (d, 1H), 7.68 (m, 1H), 7.55 
(m, 3H), 4.41 (AB, 2H), 4.21 (m, 1H), 4.08 (s, 3H), 3.10 (m, 2H). 2.00 (m, 1H), 
1.60 (m, 1H). FAB MS, [M+H] + =487. Elemental analysis calculated with 1 mole 
5 of H 2 0: C=48.54%, H=4.23%, N=9.06%; found C=48.53%, H=4.08%, N=8.72%. 

EXAMPLE 29 

7-Methoxynaphthalene-2-sulfonic acid (1-f4-temin oiminomethvnhen7vl1-P- 
Oxopyrrolidin-3-fSVvlteiTilde trifluoroanetate 

10 

A. Boc-L-Asprm-ORn 

Boc-L-Asp-OBn (15 g, 46.4 mmol) is dissolved in 50 mL of THF and cooled to 
-10°C. The solution is treated with N-methylmorpholine (4.9 g, 48.7 mmol) and 
stirred for 5 minutes. To the solution is added dropwise isobutyl chloroformate 

15 (6.3 g, 46.4 mmol). After the addition is completed, the solution is stirred for 1 
minute, then filtered through a pad of Celite. The collected solution is cooled to 
-10°C. To the solution is added sodium borohydride (2.63 g, 70 mmol) 
predissolved in 50 mL of water. The solution is stirred for 2 minutes. The 
solution is poured into a separator/ funnel and diluted with 800 mL of EtOAc. 

20 The organic layer is washed with water and saturated NaCI. The organic layer 
is dried over MgS0 4 , filtered and concentrated. The resulting residue is added 
to a solution of oxalyl chloride (30 mL of a 2 M solution in CH 2 CI 2 , 60 mmol), 
and methyl sulfoxide (7.25 g, 92.8 mmol) in 250 mL of CH 2 CI 2 at -78°C. The 
reaction mixture is stirred at -78°C for 40 minutes, then triethylamine (14 g, 140 

25 mmol) is added. The reaction mixture is stirred at -78°C for 1 hour and then is 
stirred at room temperature for 30 minutes. The solution is poured into 200 mL 
of a 20% citric acid/water solution. The resulting mixture is poured ..itc r. 
separatory funnel and the layers are separated. The organic layer is washed 
with water and saturated NaCI. The organic layer is dried over MgS0 4 , filtered 

30 and concentrated. The residue is purified by column chromatography eluting 
with a gradient of 10% EtOAc/hexanes to 30% EtOAc/hexanes. The product 
aldehyde (12 g, 39 mmol) is obtained as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 9.68 (s, 1H), 7.32 (m, 4H), 5.42 (bs, 1H), 5.16 (s, 
2H), 4.62 (m, 2H), 3.05 (ddd, 2H), 1 .40 (s, 9H). 

35 

B. ri-(4-Cvanohen7vn-2-oxopvrr olidin-3-rSl-vncarbamic acid fert-butvl ester. 
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To a solution of Boc-L-Asp(H)-OBn (1.82 g, 5.93 mmol) dissolved in 30 mL of 
methanol is added p-cyanobenzylamine hydrochloride (1 g, 5.93 mmol) and 
triethylamine (0.66 g, 6.52 mmol). The solution is stirred for 45 minutes. After 
this time, a solution of sodium cyanoborohydride (0.41. g, 6.52 mmol) and zinc 
5 chloride (0.41 g, 3 mmol) in 6 mL of MeOH is added. The mixture is stirred for 
an additional 1.5 hours. After this time, 5 mL of 0.5 N NaOH and 10 mL of 
water is added, and the resulting mixture is concentrated. The residue is 
treated with 40 mL of water and 300 mL of EtOAc. The solution is filtered 
through a pad of Celite, poured into a separatory funnel and the layers are 

10 separated. The organic layer is washed with 1 N HCI, 10% Na 2 C0 3 and 
saturated NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The residue is purified by column chromatography eluting with a 
gradient of 10% EtOAc/CH 2 CI 2 to 35% EtOAc/CH 2 Ci 2 to give the titie compound 
(0.67 g, 2.12 mmol) as a solid. 

15 1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (d, 2H), 7.31 (d, 2H), 5.15 (bs, 1H), 4.53 (AB, 
2H), 4.21 (m, 1H), 3.24 (m, 2H), 2.61 (m, 1H), 1.90 (m, 1H), 1.46 (s, 9H). 

C. 4-(3-(SVAmino-2-oxopvrrol idin-1 -vlmethvnbenzonitrile hydrochloride. 
The title compound is prepared as a white solid from [1-(4-cyanobenzyl)-2- 
20 oxopyrrolidin-3-(S)-yl]carbamic acid fert-butyl ester as described in EXAMPLE 
23, Part C. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.65 (bs, 3H), 7.81 (d, 2H), 7.49 (d, 2H), 4.54 
(AB, 2H), 4.08 (m, 1H), 3.30 (m, 2H), 2.40 (m, 1H), 2.01 (m, 1H). 

25 D. 7-Methoxvnaphthalene-2-sulfonic acid M-(4-cvanobenzvn-2-ox opvrr oiidin- 
3-(S)-yl]amide, 

The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
methoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
30 sulfonyl chloride. The crude product is triturated from EtOAc to give the title 
compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.36 (s, 1H), 7.93 (d, 1H), 7.81 (d, 1H), 7.75 (dd, 
1H), 7.60 (d, 2H), 7.31 (dd, 1H), 7.25 (m, 3H), 5.38 (s, 1H), 4.45 (AB, 2H), 3.93 
(s, 3H), 3.74 (m, 1H), 3.20 (m, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

35 

E. 7-Methoxvnaphthalene-2-sulfonic acid (1-f4-faminoiminomethyhbenzyn-2- 
oxopvrrolidin-3-fSWI}amide trifluoroacetate. 
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7-Methoxynaphthalene-2-sulfonic acid [1 -(4-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 18 hours at 
5 room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6I 300 MHz) 5 9.22 (bs, 2H), 9.18 (bs, 2H), 8.31 (s, 1K), B.20 
10 (d, 1 H), 7.96 (d, 1 H), 7.86 (d, 1 H), 7.70 (d, 2H), 7.66 (dd, 1 H), 7.49 (d, 1 H), 7.34 
(d, 2H), 7.28 (dd, 1H), 4.38 (AB, 2H), 4.10 (m, 1H), 3.82 (s, 3H), 3.03 (m, 2H), 
1.96 (m, 1H), 1.52 (m, 1H). ISP MS, [M+H] + =453. Elemental analysis 
calculated with 1.2 mole of H 2 0: C=51.09%, H=4.69%, N=9.53%, found 
C=51.09%, H=4.35%, N=9.31%. 

15 

EXAMPLE 30 

6,7-Dimgthoxvnaphthalene-2-sulfonic acid {j -r3- faminoiminomethvnbenzyn-2- 
Oxopyrrolidin-3-(SVvl)amide trifluoroacetate- 

20 A. 6.7-Dim ethoxvnaphthalene-2-sulfonvl chloride. 

The title compound is prepared as in EXAMPLE 24, Part A using 
6,7-dihydroxynaphthalene-2-sulfonic acid, sodium salt hemihydratc- in |: !ice of 
6-hydroxynaphthalene-2-sulfonic acid, sodium salt. The crude product mixture 
is purified by column chromatography in a gradient of 10% EtOAc/hexanes to 

25 30% EtOAc/hexanes to give the title compound as the major component. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (d, 1H), 7.89 (s, 2H), 7.29 (d, 1H), 7.20 (s, 
1H), 4.09 (s, 3H), 4.07 (s, 3H). El MS, [M] + =286. 

B f 6,7-Dimethoxvnaphthalene-2-sulfonic acid fl-f3-cvanobenzvn-P- 

30 oxopvrrolidin-3-fSVvllamirifi. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 6,7- 
dimethoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphfralene- 
2-sulfonyl chloride. The crude product is purified by column chromaiof:> ?phy in 

35 50% EtOAc/CH 2 CI 2 to afford the title compound as a beige solid. 
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1 H NMR (CDCI 3I 300 MHz) 8 8.31 (d, 1H), 7.81 (m, 2H), 7.59 (m, 1H), 7.45 (m, 
3H), 7.20 (d, 2H), 5.39 (d, 1H), 4.48 (AB, 2H), 4.07 (s, 3H), 4.06 (s, 3H), 3.75 (m, 
1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

5 C. 6.7-Dimethoxvnaphth alene-2-sulfonic acid {1-[3- 

(aminoiminomethvnbenzyl]-2- oxopyrrolidin-3-(SVyl}amide trifluoroacetate. 
6,7-Dimethoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin- 
3-(S)-yl]amide is converted to the title compound as described in EXAMPLE 
24, Part C. The imidate intermediate is formed over a period of 18 hours at 
10 room temperature. The amidine formation occurred over a period of 18 hours 
at room temperature. The crude product is purified by RP-HPLC eluiSr.ii in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

15 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.12 (bs, 2H), 8.28 (d, 1H), 8.09 
(d, 1H), 7.90 (d, 1H), 7.67 (m, 2H), 7.52 (m, 4H), 7.40 (s, 1H), 4.40 (AB, 2H), 
4.10 (m, 1H), 3.90 (s, 3H), 3.91 (s, 3H), 3.05 (m, 2H), 1.92 (m, 1H), 1.53 (m, 1H). 
ISP MS, [M+H] + =483. Elemental analysis calculated with 1.75 mole of H 2 0: 
C=49.72%, H=4.89%, N=8.92%; found C=49.72%, H=4.41%, N=8.68%. 

20 

EXAMPLE 31 

Naphtho(2.3-dW1 .31dioxole-fi-s ulfonic acid {143-famfnolmlnomethvnbflnzylT- 
2-oxopyrrolidin-3-fSVvl)amide trifl uoroacetate. 

25 A. Naphtho(2.3-dW1.3^dioxole-6-sulfonvl chloride. 

To a solution of 6,7-dihydroxynaphthalene-2-sulfonic acid, sodium salt (5 g, 
18.4 mmol) in 40 mL of DMF is added cesium fluoride (14 g, 92.1 mmol) at 
room temperature. Dibromomethane (2.29 mL, 20.3 mmol) is added and the 
resulting mixture is heated at 120°C for 3 hours, and then allowed to cool to 

30 room temperature. A precipitate is formed after stirring overnight. A mixture of 
ice and water is added and the resulting mixture is diluted with acetone (100 
mL). The crude mixture is concentrated in vacuo and the azeotrope with 
acetone is repeated twice to remove all the DMF. The crude residue is stirrc 
in acetone to form a slurry ar S the solid is filtered and dried. The crude soli. * 

35 dissolved in 40 mL of 1 N NaOH solution and 95% EtOH (-100 mL) is added 
until a precipitate is formed and the solid is filtered and dried to give 1 .49 g of 
the crude naphtho(2,3-d)-(1 ,3)dioxole-6-sulfonic acid, sodium salt. The crude 
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sulfonic acid, sodium salt (1.49 g, 5.27 mmol) is chlorinated in the presence of 
excess phosphorous oxychloride and phosphorous pentachloride as 
described in EXAMPLE 24, Part A to give the crude title compound. This 
product is of sufficient purity to be used in subsequent reactions. 
5 1 H NMR (CDCI 3 , 300 MHz) 5 8.37 (s, 1H), 7.82 (m, 2H), 7.26 (s, 1H), 7.19 (s, 
1H), 6.16 (s, 2H). 

B. Naphtho(2.3-dH1.3)dioxole-6-s ulfonic acid n-(3-cvanobenzvn-2- 
oxoDvrrolidin-3-rSVvnamide. 

10 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 
naphtho(2,3-d)-(1 ,3)dioxole-6-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
CH 2 CI 2 to give the title compound as a beige solid. 

15 1 H NMR (CDCI 3 , 300 MHz) 68.30 (s, 1H), 8.14 (d, 1H), 7.89 (d, 1H), 7.72 (m, 
1H), 7.62 (m, 2H), 7.52 (m, 3H), 7.45 (s, 1H), 6.20 (s, 2H), 4.40 (AB, 2H), 4.15 
(m, 1H), 3.07 (m, 2H), 1.98 (m, 1H), 1.57 (m, 1H). 

C. Naphtho(2.3-dH1.3)dioxole-6-sulfonicacid f1-f3- 

20 faminoiminomethvnbe nzvn-2-oxoDvrrolidin-3-fS)-vl>amide trifluoroacetate. 
Naphtho(2,3-d)-(1 ,3)dioxole-6-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 18 
hours at room temperature. The amidine formation occurs over a period of 18 

25 hours at room temperature. The crude product is purified by RP-HPLC eluting 
in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) 
and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (bs, 2H), 8.30 (s, 1H), 8.15 
30 (d, 1 H), 7.90 (d, 1 H), 7.70 (m, 2H), 7.58 (m, 4H), 7.45 (s, 1 H), 6.20 (s, 2H), 4.41 
(AB, 2H), 4.12 (m, 1H), 3.10 (m, 2H), 1.99 (m, 1H), 1.56 (m, 1H). ISP MS, 
[M+H] + =467. Elemental analysis calculated with 1.8 mole of H 2 0: C=49.02%, 
H=4.37%, N=9.15%; found C=49.04%, H=3.98%, N=8.85%. 

35 EXAMPLE 32 

7-Benzvloxvnaphthalene-2-sulfoni n acid f1-r3-raminoiminomethyhhe n-//l]-P- 
OXOPvrrolidin-3-fSVvHamide triflunrnanetate 
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A. 7-Benzvloxvnaphthalene-2- sulfonvl chloride. 

A 60% dispersion of sodium hydride (0.37 g, 9.22 mmol) in minerai oii is 
washed with hexanes twice and suspended in 40 mL of DMF. To this mixture 
5 is added slowly via an addition funnel 7-hydroxynaphthalene-2-sulfonic acid, 
sodium salt (1 .25 g, 5.08 mmol) in 25 mL of DMF at room temperature. The 
reaction mixture is stirred for 2 hours during which time mild bubbling is 
observed (H 2 evolution). The mixture is treated with benzyl bromide (1.5 mL, 
12.6 mmol) and stirred for 18 hours at room temperature. Ice is added to 

10 decompose the excess NaH and the resultant mixture is concentrated in vacuo. 
The residue is suspended in acetone and concentrated in vacuo two times and 
then is dried under high vacuum. The solid is suspended in acetone, filtered 
and dried to yield the crude 7-benzyloxynaphthalene-2-sulfonic acid, sodium 
salt as a beige solid. A mixture of the sulfonic acid, sodium salt (2.47 g} in 8 mL 

1 5 of thionyl chloride is heated at 80°C for 4 hours. A drop of DMF is added with 
vigorous bubbling resulting and the mixture is heated for an additional 30 
minutes. The mixture is allowed to cool to room temperature and concentrated 
in vacuo. The residue is diluted in EtOAc and washed successively with water 
(2x), saturated NaHC0 3 solution and saturated NaCI. The organic layer is 

20 dried over anhydrous MgS0 4 , filtered and concentrated to yield the title 
compound as a beige solid (1.26 g, 3.78 mmol). The crude product is of 
sufficient purity to be used in subsequent reactions. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.46 (s, 1H), 7.97 (d, 1H), 7.83 (m, 2H), 7.45 (m, 
6H),7.33 (d, 1H), 5.28 (s, 2H). 

25 

B. 7-Benzvloxvnaphthalene-2-su lfonic acid ri-(3-cvanohen?vh-P- 
oxopvrrolidin-3-(SVvllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
30 benzyloxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene- 
2-sulfonyl chloride. The crude product is purified by column chromatography in 
a gradient of 10% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to afford the title 
compound as a white solid. 

1 H NMR (CDCI3, 300 MHz) 8 8.39 (S, 1H), 7.86 (d, 1H), 7.77 (m, 2H), 7.52 (m, 
35 1H), 7.40 (m, 9H), 7.30 (d, 1H), 5.72 (s, 1H), 5.16 (s, 2H), 4.40 (s, 2H), 3.80 (m, 
1H), 3.15 (m, 2H), 2.51 (m, 1H), 2.02 (m, 1H). 
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C. 7-Benzyloxynaphthalene-g-sulfonic ad d f1-r3-(aminoiminomathynbenzvl]- 
2-oxDpyrrolidin-3-rSWnami de trifluornanatatP 
Hydrogen sulfide gas is bubbled for 5 minutes through a solution of 7- 
benzyloxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
5 (S)-yl]amide (0.32 g, 0.63 mmol) in 10 mL of a 10:1 mixture of 

pyridine/triethylamine. After stirring the pale green solution for a period of 
18 hours, the reaction mixture is concentrated in vacuo. The residue is diluted 
in acetone and concentrated to give the crude thioamide. To a solution of 
thioamide in 20 mL of acetone is added methyl iodide (2 mL, 32 mmol). The 
1 0 resulting mixture is heated at reflux for 2 hours, allowed to cool to room 
temperature and concentrated in vacuo to provide the crude thioimidat* 
hydroiodide. To a solution of thioimidate hydroiodide in 20 mL of MeOH is 
added ammonium acetate (0.24 g, 3.17 mmol). The resulting mixture is heated 
at reflux for 3 hours, allowed to cool to room temperature and stirred overnight. 
1 5 The resulting mixture is concentrated in vacuo to provide the crude amidine 
salt. The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H z O (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound (0.05 g, 0.08 
mmol) as a white solid. 
20 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.03 (bs, 2H), 8.35 (s, 1 H), 8.21 
(d, 1H), 8.01 (d, 1H), 7.95 (d, 1H), 7.71 (dd, 1H), 7.65 (m, 2H), 7.51 (m, 5H), 
7.40 (m, 4H), 5.24 (s, 2H), 4.41 (AB, 2H), 4.18 (m, 1H), 3.08 (m, 2H), 1.98 (m, 
1 H), 1 .59 (m, 1 H). ISP MS, [M+H] + =529. 

25 EXAMPLE 33 

7-HvdrQxvnaphthalene-2-sulfonic acid f 1 -f.'W aminniminnmethvnbQn7yl].9. 
OXOPVrrolidin-3-(SWIlamirlg trifluoroanatata 

7-Benzyloxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
30 (S)-yljamide is converted to the title compound as described in EXAMPLE 24, 
Part C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 42 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
35 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 
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1 H NMR (DMSO-d 6l 300 MHz) 8 9.30 (bs, 2H), 9.08 (bs, 2H), 8.26 (s, 1K), 8.19 
(d, 1H), 7.95 (d, 1H), 7.89 (d, 1H), 7.65 (m, 2H), 7.54 (m, 3H), 7.30 (d, 1H), 7.25 
(dd, 1H), 4.44 (AB, 2H), 4.15 (m, 1H), 3.10 (m, 2H), 2.00 (m, 1H), 1.59 (m, 1H). 
FAB MS, [M+H] + = 439. Elemental analysis calculated with 2.6 mole of H 2 0: 
5 C=48. 1 3%, H=4.74%, N=9.35%; found C=48. 1 4%, H=4.08%, N=9.32%. 

EXAMPLE 34 

6-Hydroxynaphthalene-2-sulfonic acid f 1 -flWfimln o imlnnmflthvnhflnyyH-?. 
O xopvrrolidin-3-(SVvllamide trifluoroacetate. 

10 

A. 6-Benzvloxvnaphthalene-g -sulfonvl chlnrirte 

The title compound is prepared as described in EXAMPLE 32, Part A using 

6- hydroxynaphthalene-2-sulfonic acid, sodium salt in place of 

7- hydroxynaphthalene-2-sulfonic acid, sodium salt. The crude 

15 6-benzyloxynaphthalene-2-sulfonic acid, sodium salt obtained is likewise 
chlorinated with excess thionyl chloride and 3 drops of DMF. The crude 
product is triturated from 50% EtOAc/hexanes to give the title compound which 
is of sufficient purity to be used in subsequent reactions. 
1 H NMR (CDCI 3 , 300 MHz) 58.50 (d, 1H), 7.91 (m, 3H), 7.46 (m, 2H), 7.40 (m, 

20 4H), 7.30 (d, 1H), 5.22 (s, 2H). 

B. 6-Benzvloxvnanhthalene-2-fiiil fonlc aniri fl-ra-cvanohanTyh-g. 
OXQPvrrolidin -3-(SWI)amirie 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 
6-benzyloxynaphthalene-2-sulfonyl chloride in place of 
6-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography in a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CH 2 CI 2 to afford the title compound as a white solid. 
30 1 H NMR (CDCI3, 300 MHz) 8 8.39 (s, 1 H), 7.88 (d, 1 H), 7.84 (m, 2H), 7.58 (m, 
1H), 7.42 (m, 8H), 7.35 (dd, 1H), 7.25 (d, 1H), 5.52 (s, 1H), 5.21 (s, 2H), 4.43 (s, 
2H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.08 (m, 1H). 

0, 6-Hydroxvnanhthalene-2-sulfonic acid /1-f 3-(aminoiminnmethvhhftn7yl]-P- 
35 oxopyrrolidin-3-(S)-vHamids trifluoroaofttate 

6-Benzyloxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
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Part C. The imidate intermediate is formed over a period of 18 hour?, a;- room 
temperature. The amidine formation occurred over a period of 18 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
5 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d e , 300 MHz) 8 9.33 (bs, 2H), 9.29 (bs, 2H), 8.33 (d, 1H), 8.11 
(d, 1H), 7.96 (d, 1H), 7.85 (d, 1H), 7.74 (dd, 1H), 7.69 (m, 1H), 7.54 (m, 3H), 
7.20 (m, 2H), 4.41 (AB, 2H), 4.12 (m, 1H), 3.07 (m, 2H), 1.96 (m, 1H), 1.57 (m, 
10 1 H). FAB MS, [M+H] + =439. Elemental analysis calculated with 2.2 mole of 
H 2 0: C=48.64%, H=4.67%, N=9.45%; found C=48.63%, H=4.14%, N=9.52%. 

EXAMPLE 35 

5-Chloro-3-methvlbenzorb1thiophene-2-sulfonic acid fl-f3- 
15 (aminoiminomethvnbenzv n-2-oxoDvrrolidin-3-(SVvl\amide trifluoroacetate. 

A. 5-Chloro-3-methvlbenzorb1thiophene-2-sulfo nic acid M-(3-cvanobenzvn-2- 
oxoDvrrol!dln-3-(SWIlamfdfl. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
20 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 5-chloro- 
3-methylbenzo[b]thiophene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
EtOAc to afford the title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.82 (d, 1H), 7.78 (d, 1H), 7.60 (m, 1H), 7.45 (m, 
25 4H), 5.59 (bs, 1 H), 4.50 (s, 2H), 3.91 (m, 1 H), 3.25 (m, 2H), 2.75 (s, 3H), 2.65 
(m, 1H), 2.11 (m, 1H). 

B. 5-Chloro-3-methvlbenzofblthi ophene-2-sulfonic acid f1-[3- 
(aminoiminomethvnbenzvl1-2-oxopvrrolidin-3-f S)-vllamide trifluoroacetate. 

30 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 20 
hours at room temperature. The amidine formation occurred over a period of 
22 hours at room temperature. The crude product is purified by RP-HPLC 

35 eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 5 9.32 (bs, 2H), 9.21 (bs, 2H), 8.76 (d, 1H), 8.09 
(d, 1H), 8.04 (d, 1H), 7.68 (m, 1H), 7.53 (m, 4H), 4.41 (AB, 2H), 4.20 (m, 1H), 
3.11 (m, 2H), 2.63 (s, 3H), 2.09 (m, 1H), 1.67 (m, 1H). FAB MS, [M+H] + =477. 
Elemental analysis calculated with 1.7 mole of H 2 0: C=44.37%, H=4.13%, 
5 N=9.00%; found C=44.37%, H=4.03%, N=8.66%. 

EXAMPLE 36 

5-Chloro-3-methylbenzorb1thiophene-2-sulfonic acid (1-f 3- 
(aminoiminomethvnbenzvn-2-oxopvrrolidin-3-fS)-yl}methyl amide 
10 trifluoroacetate. 

A. 5-Chloro-3-methvlbenzorb1thiophene-2-sulfo nic acid fi-(3-cyanobenzyl)-2- 
oxopvrrolidin-3-(SVvnmethyl amide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 5- 
15 chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide as the starting material. The crude product is 
purified by column chromatography in a gradient of 2% EtOAc/CH 2 CI 2 to 10% 
EtOAc/CH 2 CI 2 to afford the title compound as a white solid. 
1 H NMR (CDCI 8 , 300 MHz) 87.81 (s, 1H), 7.76 (d, 1H), 7.60 (m, 1H), 7.45 (m, 
20 4H), 4.92 (m, 1 H), 4.43 (AB, 2H), 3.23 (m, 2H), 2.90 (s, 3H), 2.72 (s, 3H), 2.41 
(m, 1H),2.09 (m, 1H). 

B. 5-Chloro-3-methylbenzofb1thiophene-2-sulfonic acid {1-[3- 
faminoiminomethvnbenzviy2-oxopvrrolidin-3-rSVvl}methyl amide 

25 trifluoroacetate. 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]methyl amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The imidate intermediate is formed over a 
period of 24 hours at room temperature. The amidine formation occurred over 
30 a period of 3 days at room temperature. The crude product is purified by RP- 
HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.31 (bs, 2H), 9.19 (bs, 2H), 8.11 (d. 1H>, 8.08 
35 (d, 1H), 7.68 (m, 1H), 7.56 (m, 4H), 4.94 (m, 1H), 4.42 (AB, 2H), 3.19 (m, ;>H), 
2.78 (s, 3H), 2.66 (s, 3H), 2.10 (m, 1H), 1.97 (m, 1H). FAB MS, [M+H] + =491. 
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Elemental analysis calculated with 0.9 mole of H 2 0: C=46.43%, H=4.18%, 
N=9.02%; found C=46.42%, H=4.06%, N=8.90%. 

EXAMPLE 37 

5 7-Methy|naPhthalene-2-sulfonic acid f143-(aminoiminomethvnhen7\/i>p. 
Oxopyrrolidin-3-fSVvHamide triflu oroacetate. 

A. 2-Methoxv- 7-trifluorQmethanesulfonvlnaphthalena 

To a solution of 7-methoxy-2-naphthol (5 g, 28.7 mmol) in 150 mL CH 2 CI 2 at 
10 0°C is added triethylamine (5.95 g, 58.8 mmol), trifluoromethanesulfonic 
anhydride (10.1 g, 35.6 mmol) and 4-dimethylaminopyridine (0.36 g, 2.94 
mmol). The brown solution is stirred for 1 hour at 0°C, then concentrated in 
vacuo to remove most of the CH 2 CI 2 . The residue is diluted with EtOAc and 
washed with 1 N aqueous HCI, water, 10% Na 2 C0 3 solution and saturated 
15 NaCI solution. The organic layer is dried over MgS0 4 , filtered and 
concentrated to provide crude material which is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 10% EtOAc/hexanes to 
afford the title compound (8.44 g, 27.5 mmol) as an oil. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.90 (d, 1H), 7.78 (d, 1H), 7.65 (d, 1H), 7.22 (m, 
20 2H), 7.15 (d, 1H), 3.95 (S.3H). 

B. 2-Methoxy- 7-methylnaphthalen6. 

2-Methoxy-7-trifluoromethanesulfonylnaphthalene (10 g, 32.6 mmol) is 
dissolved in 300 mL of DMF and treated with lithium chloride (7.20 g, 170 

25 mmol) and tetramethyltin (12.4 g, 69.3 mmol). Bis- 

(triphenylphosphine)palladium(ll) chloride (1.44 g, 2 mmol) is added and the 
resulting heterogeneous mixture is heated at 80°C for 18 hours. The reaction 
mixture is cooled to room temperature, filtered through a Celite pad and 
washed with EtOAc. The filtrate is washed with water and the layers separated. 

30 The aqueous layer is extracted twice with EtOAc and the combined organic 
layers are washed with water and saturated NaCI solution. The organic leyer 
is dried over MgS0 4 , filtered and concentrated to give crude material wnich is 
purified by column chromatography in a gradient of 2% EtOAc/hexanes to 5% 
EtOAc/hexanes to yield the title compound (5.34 g, 31 mmol) as a solid. 

35 1 H NMR (CDCI3, 300 MHz) 6 7.69 (m, 2H), 7.52 (s, 1H), 7.19 (d, 1H), 7.10 (m, 
2H), 3.93 (s, 3H), 2.50 (s, 3H). 
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C. 7-Methvl-2-naphthol. 

A suspension of 2-methoxy-7-methylnaphthalene (5.30 g, 30.8 mmol) in 90 ml_ 
of 48% aqueous HBr is heated at reflux for a period of 2 hours. The resulting 
mixture is allowed to cool to room temperature, diluted with water and partially 
5 neutralized with saturated NaHC0 3 solution. The aqueous mixture is extracted 
with EtOAc twice and the combined organic layers are washed with water, 
saturated NaHC0 3 solution and saturated NaCI solution. The organic phase is 
dried over MgS0 4 , filtered and concentrated to provide crude material which is 
purified by column chromatography in a gradient of 5% EtOAc/hexa'iey to 20% 
1 0 EtOAc/hexanes to afford the title compound (3.05 g, 1 9.3 mmol) as a solid. 
1 H NMR (CDCI 3> 300 MHz) 8 7.69 (m, 2H), 7.47 (s, 1H), 7.18 (m, 1H), 7.03 (m, 
2H), 5.01 (m, 1H), 2.50 (s, 3H). 

D. 7-Methvl-2-trifluoromethan esulfonvlnaphthalfinfi 

15 7-Methyl-2-naphthol (3.05 g, 19.3 mmol) is converted to the title compound as 
described in EXAMPLE 37, Part A. The crude product is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 10% EtOAc/hexanes to 
give the title compound (4.74 g, 16.3 mmol) as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.89 (d, 1H), 7.80 (d, 1H), 7.69 (m, 2H), 7.40 (m, 
20 1H), 7.30 (m,1H), 2.59(8, 3H). 

E. 7-Meth vl-2-trimethvlstannylnaphthalene. 

7-Methyl-2-trifluoromethanesulfonylnaphthalene (1.50 g, 5.17 mmol) is 
dissolved in 30 mL of p-dioxane and treated with lithium chloride (0.66 g, 15.5 

25 mmol) and hexamethylditin (1.86 g, 5.68 mmol). Bis- 

(triphenylphosphine)palladium(ll) chloride (0.30 g, 0.26 mmol) is added and 
the resulting heterogeneous mixture is heated at reflux for 1 hour. The reaction 
mixture is cooled to room temperature, diluted with 10% NH 4 OH solution and 
CH 2 CI 2 and stirred for 45 minutes. The layers are separated and the aqueous 

30 layer is extracted twice with CH 2 CI 2 . The combined organic layers are washed 
with saturated NaCI solution. The organic layer is dried over MgS0 4 , filtered 
and concentrated to give crude material which is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 5% EtOAc/hexanes to 
yield the title compound (0.60 g, 1.97 mmol) as an oil. 

35 1 H NMR (CDCI3, 300 MHz) 8 7.90 (s, 1 H), 7.75 (d, 1 H), 7.70 (d, 1 H), 7.60 (s, 
1H), 7.51 (d, 1H), 7.30 (d, 1H), 2.54 (s, 3H), 0.34 (m, 9H). 
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F. 7-Methvlnaphthalene-2-sulfonvl chloride. 

To a solution of 7-methyl-2-trimethylstannylnaphthalene (0.60 g, 1.97 mmol) in 
13 mL of THF at -78°C is added n-butyllithium (1.40 mL of a 1.6 M solution in 
hexanes, 2.24 mmol). The reaction mixture is stirred for 5 min at -78°C then 
5 warmed to 0°C over a 30 min period. The mixture is cooled to -78°C again and 
the solution is transferred via cannula to a flask containing 10 mL of condensed 
S0 2 (g) in 20 mL of THF at -78°C. The solution is stirred at -78°C for 10 
minutes, and then at ambient temperature for 2 hours. At this time, the reaction 
mixture is concentrated in vacuo, triturated with Et 2 0 and filtered. The solid is 
1 0 suspended in 8 mL of hexanes, cooled to 0°C and treated with sulfuryl chloride 
(1.70 mL of a 1M solution in CH 2 CI 2 , 1.70 mmol). The resulting solution is 
stirred for 15 minutes, and then concentrated. The crude residue is pu.ified by 
column chromatography in a gradient of 10% EtOAc/hexanes to 20% 
EtOAc/hexanes to afford the title compound (0.23 g, 0.96 mmol) as a solid. 
1 5 1 H NMR (CDCI 3 , 300 MHz) 8 8.51 (s, 1 H), 8.01 (d, 1 H), 7.92 dd, 1 H), 7.89 (d, 
1H), 7.80 (s, 1H), 7.58 (d, 1H), 2.58 (s, 3H). 

G. 7-Methvlnaphthalene-2-sulfoni c acid ri-(3-cvanobenzvn-2-oxopvrrolidin-3- 
(S)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
methylnaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is triturated from 50% EtOAc/ hexanes to 
give the title compound as a white solid. 

1 H NMR (CDCI3, 300 MHz) 5 8.41 (s, 1H), 7.96 (s, 1H), 7.81 (m, 2H), 7.7S (s, 
1H), 7.58 (m, 1H), 7.46 (m, 4H), 5.50 (bs, 1H), 4.47 (s, 2H), 3.79 (m, 1H), 3.20 
(m, 2H), 2.59 (m, 1H), 2.55 (s, 3H), 2.10 (m, 1H). 

H. 7-Methvlnaphthalene-2-sulfon ic acid f1-f3-faminoiminomethvhbenzvn-2- 
oxopyrrolidin-3-fS)-vHamide trifluoroanetata 

7-Methylnaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide is converted to the title compound as described in EXAMPLE 24, Part 
C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 18 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFAj and 
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the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.32 (bs, 2H), 9.28 (bs, 2H), 8.38 (s, 1H), 8.26 
(d, 1H), 8.05 (d, 1H), 7.93 (d, 1H), 7.88 (s, 1H), 7.79 (d.d, 1H), 7.65 (m, 1H), 7.52 
5 (m, 4H), 4.41 (AB, 2H), 4.1 6 (m, 1 H), 3.08 (m, 2H), 2.49 (s, 3H), 1 .97 (m, 1 H), 
1.56 (m, 1H). FAB MS, [M+H] + =437. Elemental analysis calculated with 1.7 
moleofH 2 0: C=51.71%, H=4.92%, N=9.65%; found C=51.70%, H=4.o6%, 
N=9.41%. 

10 EXAMPLE 38 

7-Ethvlnanhthalflne-2-sulfoni c acid (1-r3-famln6iminomethvnbenzyll-2- 
OXOPvrrolidin-3-fSVvllamide trifli mroacotate. 

A. 2-Methoxv-7-t rimethvlstannvlnaphthalfinP 

1 5 The title compound is prepared as described in EXAMPLE 37, Part E using 2- 
methoxy-7-trifluoromethanesulfonylnaphthalene in place of 7-methyl-2- 
trifluoromethanesulfonylnaphthalene. The crude product is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 5% EtOAc/hexanes to 
afford the title compound as an oil. 

20 'H NMR (CDCI 3 , 300 MHz) 5 7.89 (s, 1 H), 7.70 (m, 2H), 7.43 (d, 1 H), 7.35 (s, 
1H), 7.12 (m, 1H), 3.91 (s, 3H), 0.39 (m, 9H). 

B. 2-Methoxy-7 -ethvlnaphthalanft. 

To a solution of 2-methoxy-7-trimethylstannylnaphthalene (1.61 g, 3.60 mmol) 
25 in 24 mL of THF at -78°C is added n-butyllithium (2.80 mL of a 1 .6 M solution in 
hexanes, 4.48 mmol). The reaction mixture is stirred for 5 min at -78°C then 
warmed to 0°C over a 30 min period. The mixture is cooled to -78°C again and 
bromoethane (1.46 g, 13.4 mmol) is added. The solution is stirred at -78°C for 
10 minutes, and then at ambient temperature for 4 hours. At this time, the 
30 reaction mixture is quenched with saturated NH 4 CI solution, diluted with EtOAc 
and the layers are separated. The organic layer is washed with 1 N aqueous 
HCI, water, saturated NaHC0 3 solution and saturated NaCI solution. The 
organic layer is dried over MgS0 4 , filtered and concentrated to provide crude 
product which is purified by column chromatography in a gradient of 2% 
35 EtOAc/hexanes to 5% EtOAc/hexanes to give a 3.5:1 mixture (0.56 g, 3.01 
mmol) of the title compound as the major component and 2- 
methoxynaphthalene as the minor component. 
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1 H NMR (CDCIg, 300 MHz) 8 7.72 (m, 2H), 7.54 (s, 1H), 7.32 (s, 1H), 7.11 (d, 
1H), 7.08 (s, 1H), 3.90 (s, 3H), 2.80 (q, 2H), 1.31 (t, 3H). 

C. 7-Ethvlnaphthalene-2-sulfonvl nhlnriris. 

5 A mixture of 7-ethyl-2-naphthol and naphthol is prepared as described in 

EXAMPLE 37, Part C using the 3.5:1 mixture of 2-methoxy-7-ethylnaphihalene 
and 2-methoxynaphthalene in place of 2-methoxy-7-methylnaphthalene. The 
crude demethylated product is partially purified by column chromatography in a 
gradient of 5% EtOAc/hexanes to 20% EtOAc/hexanes. The 7-ethyl-2-naphthol 

10 mixture is converted to 7-ethyl-2-trifluoromethanesulfonylnaphthalene as 
described in EXAMPLE 37, Part A. The crude triflated material is partially 
purified by column chromatography in a gradient of 2% EtOAc/hexanes to 5% 
EtOAc/hexanes. The crude 7-ethyl-2-trifluoromethanesulfonylnaphthalene is 
then converted to 7-ethyl-2-trimethylstannyinaphthalene as described in 

1 5 EXAMPLE 37, Part E. The stannylated product is partially purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 5% EtOAc/hexanes. 
The 7-ethyl-2-trimethylstannylnaphthalene is converted to the title compound 
as described in EXAMPLE 37, Part F using 7-ethyl-2- 
trimethylstannylnaphthalene in place of 7-methyl-2- 

20 trimethylstannylnaphthalene and Et 2 0 in place of THF. The crude mixture is 
purified by column chromatography in a gradient of 5% EtOAc/hexanes to 10% 
EtOAc/hexanes to afford the title compound as an oil. 
1 H NMR (CDCI3, 300 MHz) 6 8.54 (s, 1H), 8.01 (d, 1H), 7.90 (m, 1H), 7.87 (s, 
1H), 7.81 (s, 1H), 7.61 (d, 1H), 2.88 (q, 2H), 1.35 (t, 3H). 

25 

D. 7-Ethvlnaphthalene-2-sulfonic acid f1-(3'-cy anobenzyn-2-oxopyrrolidin-3- 
fSVyl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylm ethyl) benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
30 ethylnaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is triturated from 50% EtOAc/hexanes to 
give the title compound as a white solid. 

1 H NMR (CDCI3, 300 MHz) 5 8.41 (s, 1H), 7.96 (d, 1H), 7.85 (m, 2H), 7.75 (s, 
1H), 7.55 (m, 2H), 7.45 (m, 3H), 5.42 (s, 1H), 4.46 (AB, 2H), 3.76 (m, 1H), 3.20 
35 (m, 2H), 2.85 (q, 2H), 2.60 (m, 1H), 2.10 (m, 1H), 1.39 (t, 3H). 
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E. 7-Ethvlnaphthalene-2-sulfonic acid l1-f3-fa minoiminomethvnbenzyl]-2- 
Oxopyrrolidin-3-(SVvl)amide trifluoroacetate. 

7-Ethylnaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is converted to the title compound as described in EXAMPLE 24, Part 
5 C. The imidate intermediate is formed over a period of 18 hours at room 

temperature. The amidine formation occurred over a period of 3 days at room 
temperature. The crude product is purified by RP-HPLC eluting in a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title comoour.d as a 
10 white solid. 

1 H NMR (DMSO-d 6> 300 MHz) 8 9.30 (bs, 2H), 9.20 (bs, 2H), 8.40 (s, 1H), 8.25 
(d, 1H), 8.07 (d, 1H), 7.97 (d, 1H), 7.90 (s, 1H), 7.80 (dd, 1H), 7.68 (m, 1H), 7.55 
(m, 4H), 4.43 (AB, 2H), 4.16 (m, 1H), 3.10 (m, 2H), 2.80 (q, 2H), 1.97 (m, 1H), 
1.59 (m, 1H), 1.30 (t, 3H). FAB MS, [M+H] + =451. Elemental analysis 
15 calculated with 1.6 mole of H 2 0: C=52.67%, H=5.13%, N=9.45%; found 
C=52.65%, H=4.60%, N=9.17%. 

EXAMPLE 39 

5-Chloro-6-amin onaphthalene-2-sulfonic acid (1-[3- 
20 (aminoiminomethvl)benzvn-2-oxopvrrolidin -3-(SVvl)amidfi bistrifluoroacetate, 

A. N-Cbz-5-ChlQro-fi- aminonaDhthalene-2-sulfonvl chloride. 

To a suspension of 6-aminonaphthalene-2-sulfonic acid, sodium salt (3 g, 12.2 

mmol) in 70 mL of water is added solid NaOH (1.01 g, 25 mmol) at room 

25 temperature. The mixture is stirred for 1 hour, and benzyl chloroformate (3.43 
mL, 24 mmol) is then added. The resulting mixture is stirred over a period of 16 
hours. The crude product is treated as in EXAMPLE 24, Part A to give 4.70 g of 
crude N-CBz-6-aminonaphthalene-2-sulfonic acid, sodium salt. A mixture of 
the sulfonic acid, sodium salt (2.3 g, 6.10 mmol) in 15 mL of thionyl chloride is 

30 heated at 80°C for 5 hours. The mixture is allowed to cool to room temperature 
and concentrated in vacuo. The residue is diluted with EtOAc and washed 
successively with water (2x), saturated NaHC0 3 solution and saturated NaCI. 
The organic layer is dried over anhydrous MgS0 4 , filtered and concentrated to 
give a solid. The crude product is triturated from 50% EtOAc/hexanes to afford 

35 the title compound (0.50 g, 1 .33 mmol) as a beige solid. 

1 H NMR (CDCI 3) 300 MHz) 8 8.75 (d, 1H), 8.60 (d. 1H), 8.39 (d, 1H), 8.09 (dd, 
1H), 8.00 (d, 1H), 7.68 (d, 1H), 7.46 (m, 5H), 5.30 (s, 2H). 
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B. N-Cbz-5-Chloro-6-aminonaDhthalene-2-sulf onic acid f1-f3-cvanobenzvn-2- 
Oxopvrrolidin-3-(S)-yl1amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
5 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using N-Cbz-5- 
chloro-6-aminonaphthalene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography using a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CH 2 CI 2 to give the title compound as a solid. 
10 1 H NMR (CDCI 3 , 300 MHz) 8 8.49 (d, 1H), 8.41 (s, 1H), 8.15 (d, 1H), 7.99 (d, 
1H), 7.80 (d, 1H), 7.60 (s, 1H), 7.45 (m, 9H), 6.30 (d, 1H), 5.29 (s, 2H), 4.45 (s, 
2H), 3.97 (m, 1H), 3.20 (m, 2H), 2.55 (m, 1H), 2.06 (m, 1H). 

£ 5-Chloro-6-aminonaphthalene-2- sulfonic acid {l-[3- 

15 (aminoiminomethvnbenzvn-2-oxopvrrolidi n-3-fS)-vl)amide bistrifluoroanetate. 
N-Cbz-5-Chloro-6-aminonaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 3 
days at room temperature. The amidine formation occurred over a period of 18 

20 hours at room temperature. The crude product is purified by RP-HPLC eluting 
in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) 
and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.10 (bs, 2H), 8.25 (d, 1H), 8.09 
25 (d, 1 H), 7.95 (d, 1 H), 7.81 (m, 2H), 7.65 (m, 1 H), 7.50 (m, 3H), 7.20 (d, 1 H), 4.40 
(AB, 2H), 4.10 (m, 1H), 3.06 (m, 2H), 1.95 (m. 1H), 1.52 (m, 1H). FAB MS, 
[M+H] + =472. 

EXAMPLE 40 

30 7- Methvlam inonaphthalene-2-su If on in a cid { 1 -f3-f am Inolmlnometh y fth ;r, 2 y| j-2- 
Oxopvrrolidin-3-rS)-vl)amide bistriflu oroacetate. 

A. N-Cbz-7-Methvlaminonaphtha lene-2-sulfonvl chloride. 
N-Cbz-7-Aminonaphthalene-2-sulfonic acid, sodium salt is prepared as 
35 described in EXAMPLE 39, Part A using 7-aminonaphthalene-2-sulfonic acid, 
sodium salt (3 g, 12.2 mmol) in place of 6-aminonaphthalene-2-sulfonic acid, 
sodium salt. A 60% dispersion of sodium hydride (0.21 g, 5.27 mmol) in 
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mineral oil is washed with hexanes twice, suspended in 20 mL of DMF and the 
resulting suspension is cooled to 0°C. To this mixture is added the crude N- 
Cbz-7-aminonaphthalene-2-sulfonic acid, sodium salt (1 g, 2.64 mmol) in 15 
mL of DMF. The reaction mixture is stirred for 10 min at 0°C and then treated 
5 with methyl iodide (0.49 mL, 7.92 mmol). The resulting mixture is allowed to 
warm to room temperature with stirring overnight. The reaction mixture is 
worked up according to the similar procedure used in EXAMPLE 32, Part A to 
yield the crude N-Cbz-7-methylaminonaphthalene-2-sulfonic acid, sodium salt 
(0.88 g) as a beige solid. A mixture of the sulfonic acid, sodium salt (0.88 g, 
10 2.23 mmol) is chlorinated as described in EXAMPLE 32, Part A. The crude 
product is purified by column chromatography in a gradient of 10% 
EtOAc/hexanes to 30% EtOAc/hexanes to afford the title compound (0.38 g, 
0.97 mmol) as a beige solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.55 (d, 1H), 7.98 (m, 3H), 7.84 (s, 1H), 7.75 (d, 
15 1 H), 7.38 (m, 5H), 5.25 (s, 2H), 3.50 (s, 3H). 

B. N-Cbz-7-Methvlaminonapht halene-2-sulfonic acid f1-(3-cvanohenzyh-g- 
oxopvrrolidin-3-rs Vvllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
20 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using N-Cbz-7- 
methylaminonaphthalene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography using a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CH 2 CI 2 to give the title compound as a solid. 
25 1 H NMR (CDCI 3 , 300 MHz) 58.41 (s, 1H), 7.97 (d, 1H), 7.87 (m, 2H), 7.80 (s, 
1H), 7.60 (m, 2H), 7.45 (m, 3H), 7.38 (m, 5H), 5.53 (bs, 1H), 5.21 (s, 2h), 4.43 
(s, 2H), 3.79 (m, 1H), 3.45 (s, 3H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

C. 7-Methvlamin onaphthalene-2-sulfonic acid (1-f3- 

30 (aminoiminomethvnbenzvn-2-oxopvrrolidi n-3-rSVvl)amide bistrifluoroacetate. 
N-Cbz-7-Methylaminonaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 48 
hours at room temperature. The amidine formation occurred over a period of 3 

35 days at room temperature. The crude product is purified by RP-HPLC eluting in 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
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the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.08 (bs, 2H), 8.11 (s, 1H), 8.08 
(d, 1H), 7.80 (d, 1H), 7.70 (d, 1H), 7.68 (m, 1H), 7.54 (m, 3H), 7.45 (dd, 1H), 
5 7.08 (dd, 1H), 6.80 (d, 1H), 4.42 (AB, 2H), 4.10 (m, 1H), 3.05 (m, 2H), 2.77 (s, 
3H), 1.93 (m, 1H), 1.51 (m, 1H). FAB MS, [M+H] + =452. Elemental analysis 
calculated with 0.9 mole of H 2 0: C=46.64%, H=4.17%, N=10.07%; found 
C=46.63%, H=4.10%, N=10.13%. 

10 EXAMPLE 41 

2-Methvl-1.2.3.4-tetrahvdroiR oauinoline-7-sulfonic acid (1-r3- 
faminoiminomethvnbenzvn-2-oxopvrrolidin- 3-rSVvllamide bistrifluoroacetate. 

A. 2-Trifluoromethvlacetamide-1. 2.3.4-tetrahvdro-isoauinoline-7-sulfonvl 
15 chloride. 

The title compound is prepared according to the procedure described in i 
Med. Qhem.,23_, 837 (1980), which is incorporated herein by reference. The 
crude residue obtained is triturated with Et>0 to yield product which is of 
sufficient purity to be used in subsequent reactions. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.90 (m, 2H), 7.49 (m, 1 H), 4.90 (s, 2H), 3.95 (m, 
2H), 3.10 (m,2H). 

B. 2-Trifluoromethvlacetamide-1 ^.S^-tetrahvd ro-isoouinoline^-sulfonic acid 
f1-(3-Cvanobenzvn-2-oxoDvrrolidin-3-fS)-vnamide, 
The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2- 
trifluoromethylacetamide-1 ,2,3,4-tetrahydro-isoquinoline-7-sulfonyl chloride in 
place of 6-methoxynaphthalene-2-sulfonyl chloride. The crude product is 
purified by column chromatography using a gradient of 10% EtOAc/CH 2 CI 2 to 
25% EtOAc/CH 2 CI 2 to give the title compound as a solid. 
1 H NMR (CDCIg, 300 MHz) 8 7.79 (m, 2H), 7.63 (m, 1H), 7.50 (m, 3H), 7.39 (m, 
1H), 5.50 (bs, 1H), 4.90 (AB, 2H), 4.49 (AB, 2H), 3.91 (m, 2H), 3.79 (m, 1H), 
3.25 (dd, 2H), 3.05 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

C. 1,2,3,4-Tetrahydro-isoauinoline-7-sulfonic acid ri-(3-cvanohfiri7viW- 
oxoDvrrolidin-3-rSVvllamidft. 
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To a solution of 2-trifluoromethylacetamide-1,2,3,4-tetrahydro-isoquinoline-7- 
sulfonic acid [l-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.50 g, 0.99 
mmol) in 6 mL of EtOH is added a solution of sodium carbonate (0.56 g, 5.27 
mmol) in 6 mL of H 2 0. The solution is stirred at room temperature for 5 hours. 
5 After this time, the solution is concentrated in vacuo, diluted with CH 2 CI 2 and 
washed with H 2 0 and saturated NaCI solution. The organic phase is dried 
over anhydrous MgS0 4 , filtered and concentrated to yield the title compound 
(0.29 g, 0.71 mmol) as a beige solid. 

NMR (CDCI 3 , 300 MHz) 57.68 (d, 1H), 7.60 (m, 2H), 7.49 (m, 3H), 7.28 (m, 
10 1H), 4.50 (s, 2H), 4.10 (s, 2H), 3.75 (m, 1H), 3.20 (m, 4H), 2.90 (m, 2H), 2.60 (m. 
1H),2.10(m, 1H). 

D. 2-Methvl-1.2. 3.4-tetrahvdro-isoauinoline-7-sulfonic acid (1-[3- 
faminoiminomethvnbenzvl]-2- oxoDvrrolidin-3-fSVvl)amide bistrifluoroacetata. 

15 To a solution of 1 ,2,3,4-tetrahydro-isoquinoline-7-sulfonic acid [1 -(3- 

cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.29 g, 0.71 mmol) in 10 mL of 
CH 2 CI 2 is added 0.27 mL of 37% aqueous formaldehyde. The solution is 
stirred at room temperature for 1 hour. After this time, sodium 
triacetoxyborohydride (0.05 g, 0.22 mmol) is added and the resulting mixture is 

20 stirred for 18 hours. The reaction mixture is diluted with CH 2 CI 2 and washed 
with saturated NaHC0 3 solution. The organic phase is dried over anhydrous 
MgS0 4 , filtered and concentrated to give 2-methyl-1,2,3,4-tetrahydro- 
isoquinoline-7-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
(0.16 g, 0.71 mmol) as a solid. The crude methylated material is then 

25 converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
The amidine formation occurred upon heating at reflux for 2 hours. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

30 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.34 (bs, 2H), 9.31 (bs, 2H), 8.26 (d, 1H), 7.75 
(m, 3H), 7.57 (m, 3H), 7.49 (d, 1H), 4.60 (s, 1H), 4.45 (s, 2H), 4.40 (m, 1H), 4.15 
(m, 1H), 3.40 (m, 2H), 3.15 (m, 4H), 2.95 (s, 3H), 2.10 (m, 1H), 1.62 (m, IH). 
FAB MS, [M+H] + =442. Elemental analysis calculated with 2.2 mole of H 2 0: 

35 C=44.03%, H=4.75%, N=9.87%; found C=44.03%, H=4.28%, N=9.96%. 

EXAMPLE 42 
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1.2.3.4-Tetrahvdroisoauinolin e-7-sulfonic acid (1-f3- 
(aminoiminomgthvnbenzvn-2-oxoDvrrolidiri-3-(S)-vl>methvl amide 
dihvdrochloride. 

5 A- 1,2,3,4-Tetrahvdroisoauinoline-7-sulfonic acid rW3-c vanobenzvn-2- 
oxopvrrolidin-3-(S VvMmethvl am ide. 

2-Trifluoromethylacetamide-1 ,2,3,4-tetrahydroisoquinoline-7-sulfonic acid [1- 
(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]methyl amide is prepared as 
described in EXAMPLE 25, Part A using 2-trifluoromethylacetamide-1, 2,3,4- 

10 tetrahydro-isoquinoline-7-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide as the starting material. The crude material is purified by column 
chromatography in 25% EtOAc/CH 2 CI 2 to afford the methylated product as a 
solid. The title compound is prepared as described in EXAMPLE 41, Part C 
using 2-trifluoromethylacetamide-1,2,3,4-tetrahydro-isoquinoline-7-sulfonic 

15 acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]methyl amide as the starting 
material. The crude product is triturated from 50% EtOAc/CH 2 CI 2 to afford the 
title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.71 (dd, 1 H), 7.62 (m, 2H), 7.50 (m, 3H), 7.25 (s, 
1H), 4.90 (m, 1H), 4.47 (AB, 2H), 4.10 (s, 2H), 3.20 (m, 4H), 2.90 (m, 2H), 2.79 
20 (s, 3H), 2.36 (m, 1 H), 2.05 (m, 1 H). 

B. 1.2.3.4-Tetra hvdroisoguinoline-7-sulfonic acid {1-f3- 

(aminoiminQmethvl)henzvll-2-oxoDvrrolidin-3-rs Vy|>methvl amide 
dihvdrochloride. 

25 1,2,3,4-Tetrahydro-isoquinoline-7-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]methyl amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The imidate intermediate is formed over a 
period of 18 hours at room temperature. The amidine formation occurred upon 
heating at reflux for 1 .5 hours. The crude product is purified by RF-HPt.C 

30 eluting in a gradient of 1 0% CH 3 CN/H 2 0 to 60% CH 3 CN/H 2 0 and the 

appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.69 (bs, 2H), 9.46 (bs, 2H), 9.20 (bs, 2H), 7.78 
(s, 1H), 7.73 (m, 2H), 7.60 (m, 3H), 7.44 (d, 1H), 4.89 (m, 1H), 4.44 (AB, 2H), 
35 4.32 (s, 2H), 3.32 (m, 2H), 3.18 (m, 2H), 3.09 (m, 2H), 2.64 (s, 3H), 2.03 (m, 1H), 
1.80 (m, 1H). FAB MS, [M+H] + =442. 
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EXAMPLE 43 

7-Methoxvnaphthalene-2-sulfonic acid {1 -r3-(aminoiminomethvnbenzv n-£- 
QXQpyrrQlidin-3-(S)-yl}-(4-nitrpt?$nzyl)amidg triflUQroacetate- 

5 A- 7-MgthPxynaphthaleng-2-gulfpnip apid [1-(3-cyanobenzy|)-2-OX,opyrrQlidin- 
3-(g)-yl]amide- 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
methoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
1 0 sulfonyl chloride. The crude product is triturated from EtOAc to give the title 
compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (d, 1H), 7.91 (d, 1H), 7.81 (d, 1H), 7.73 (dd, 
1H), 7.59 (m, 1H), 7.42 (m, 3H), 7.30 (dd, 1H), 7.25 (m, 1H), 5.39 (d, 1H), 4.45 
(AB, 2H), 3.92 (s, 3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

15 

B. 7-Methoxvnaphthalene-2-sulfonic acid f1-( 3-cyanobenzvn-2-oxopvrrolidin- 
3-fSVvn-r4-nitrobenzyhamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 

methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl]amide as the starting material and p-nitrobenzyl bromide in place of methyl 

iodide. The crude product is purified by column chromatography in 50% 

EtOAc/hexanes to afford the title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.31 (s, 1H), 8.10 (m, 2H), 7.91 (d, 1H), 7.84 (d, 

1H), 7.81 (d, 1H), 7.60 (m, 3H), 7.50 (s, 1H), 7.45 (d, 2H), 7.31 (m, 1H), 7.19 (d, 
25 1H), 4.65 (AB, 2H), 4.50 (m, 1H), 4.38 (AB, 2H), 3.97 (s, 3H), 3.17 (m, 2H), 2.41 

(m, 1H), 1.99 (m, 1H). 

C. 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyi)b8nzyl]-2- 
oxoDvrrolidin-3-fS)-vl)-f4-nitrobenzvnamide trifluoroacetate. 

30 7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(4-nitrobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 18 
hours at room temperature. The amidine formation occurred upon heating at 
reflux for 1 hour. The crude product is purified by RP-HPLC eluting in a 

35 gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as an amorphous white solid. 
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1 H NMR (DMSO-d 6) 300 MHz) 8 9.30 (bs, 2H), 9.25 (bs, 2H), 8.38 (s, 1H), 8.13 
(d, 2H), 8.04 (d, 1H), 7.96 (d, 1H), 7.80 (dd, 1H), 7.70 (m, 3H), 7.55 (m, 4H), 
7.34 (dd, 1H), 4.94 (m, 1H), 4.50 (AB, 2H), 4.36 (AB, 2H), 3.89 (s, 3H), 3.16 (m. 
1H), 3.07 (m, 1H), 2.15 (m, 1H), 1.74 (m, 1H). FAB MS, [M+H] + =588. Elemental 
5 analysis calculated with 1.2 mole of H 2 0: C=53.14%, H=4.52%, N=9.68%; 
found C=53.14%, H=4.24%, N=9.42%. 

EXAMPLE 44 

7-Methoxvnapht halene-2-sulfonic acid { 1 -f3-(aminoiminomethyl)benzyl]-2- 
10 oxopyrrolidin-3-(S)-vlU4-aminobenzvnamide bistrifluoroacetate. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid {1 -[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}(4-nitrobenzyl)amide (0.23 
g, 0.33 mmol) in 10 mL of MeOH is added a catalytic amount of 10% palladium 

15 on activated carbon. The heterogeneous mixture is hydrogenated at room 
temperature under a balloon of H 2 for 18 hours. The crude mixture is diluted 
with MeOH, filtered through a pad of Celite, washed with MeOH (2x10 mL) and 
concentrated in vacuo. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 

20 the appropriate product fractions are lyophilized to provide the title compound 
(0.1 1 g, 0.14 mmol) as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.06 (bs, 2H), 8.44 (s, 1H), 8.03 
(d, 1H), 7.96 (d, 1H), 7.82 (dd, 1H), 7.68 (d, 1H), 7.56 (m, 3H), 7.51 (d, IH), 7.35 
(dd, 1H), 7.12 (d, 2H), 6.72 (d, 2H), 4.71 (m, 1H), 4.39 (AB, 2H). 4.2S (AB. 2H), 
25 3.90 (s, 3H), 3.10 (m, 1H), 2.95 (m, 1H), 2.10 (m, 1H), 1.70 (m, 1H). FAB MS, 
[M+H] + =558. Elemental analysis calculated with 1.2 mole of H 2 0: C=50.61%, 
H=4.42%, N=8.68%; found C=50.61%, H=4.25%, N=8.64%. 

EXAMPLE 45 

30 7-Methoxvnaphthalene-2 -sulfonic acid {1 -r3-(aminoiminomethyhbenzyl]-2- 
Oxopyrrolidin-3-(SVvlK3-nitrobenzvnamide trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-s ulfonic acid ri-(3-cyanobenzvn-2-oxopyrrolidin- 
3-fSVvnf3-nitrobenzyhamide. 
35 The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrclidin-r:-(S)- 
yl]amide as the starting material and m-nitrobenzyl bromide in piace or methyl 
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iodide. The crude product is purified by column chromatography in 10% 
EtOAc/CH 2 CI 2 to afford the title compound as a solid. 

1 H NMR (CDCI,, 300 MHz) 8 8.34 (s, 1H), 8.17 (s, 1H), 8.02 (d, 1H), 7.90 (d, 
1H), 7.72 (m, 3H), 7.60 (m, 1H), 7.45 (m, 4H), 7.29 (m,.1H), 7.19 (d, 1H), 4.70 
5 (m, 1 H), 4.52 (AB, 2H), 4.46 (AB, 2H), 3.94 (s, 3H), 3. 1 7 (m, 2H), 2.41 (m, 1 H), 
2.00 (m, 1H). 

B- 7-Methoxvnaphthalene-2-sulfonic acid {1-r 3-faminoiminomethvnbenzvll-2- 
OXQPvrrolidin-3-rS)-vl)-r3-nitrobe nzvnamide trifluoroacetate. 

10 7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-nitrobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 3 
days at room temperature. The amidine formation occurred upon heating at 
reflux for 2 hours. The crude product is purified by RP-HPLC eluting in a 

1 5 gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.18 (bs, 2H), 8.39 (s, 1H), 8.33 
(s, 1H), 8.03 (m, 2H), 7.97 (d, 1H), 7.86 (d, 1H), 7.79 (d, 1H), 7.67 (d, 1H), 7.55 
20 (m, 5H), 7.36 (dd, 1 H), 4.92 (m, 1 H), 4.50 (AB, 2H), 4.37 (AB, 2H), 3.89 (s, 3H), 
3.15 (m, 2H), 2.15 (m, 1H), 1.80 (m, 1H). FAB MS, [M+H] + =588. Elemental 
analysis calculated with 0.8 mole of H 2 0: C=53.74%, H=4.44%, N=9.79%; 
found C=53.73%, H=4.12%, N=9.54%. 

25 EXAMPLE 46 

7-Methoxvnanhthalene-2-sul fonic acid f 1 -r3-(aminoiminomethvnbenzvH-2- 
Oxopyrrolidin-3-fSWIU3-aminobenzvnamid e bistrifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
30 oxopyrrolidin-3-(S)-yl}(3-nitrobenzyl)amide is converted to the title compound 
as described in EXAMPLE 44, Part A. The crude product is purified by RP- 
HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
35 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.19 (bs, 2H), 8.46 (s, 1H), 8.04 
(d, 1H), 7.97 (d, 1H), 7.82 (d, 1H), 7.68 (d, 1H), 7.57 (m, 3H), 7.50 (a, 1H), 7.36 
(dd, 1H), 7.12 (m, 1H), 7.04 (bs, 1H), 6.82 (m, 2H), 4.80 (m, 1H), 4.35 (AB, 2H), 
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4.34 (AB, 2H), 3.90 (s, 3H), 3.11 (m, 1H), 2.95 (m, 1H), 2.15 (m, 1H), 1.70 (m, 
1H). FAB MS, [M+H] + =558. 

EXAMPLE 47 

5 7-Methoxvnaphthalene -2-sulfonic acid f1 43-faminoiminomethvnbenzyi?-g - 
OXop yrrolidin-3-fS)-vl)-(2-nitroben 2 vnamid6 trifluoroacetata. 

A. 7-Methoxvnaphthalene-2-sulfonic acid f1-f 3-cvanobenzvn-2-oxoDvrrolidin- 
3-(S)-vn-(2-nitrobenzvnamid6. 

10 The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide as the starting material and o-nitrobenzyl bromide in place of methyl 
iodide. The crude product is triturated from 50% EtOAc/hexanes to afford the 
title compound as a solid. 

15 1 H NMR (CDCI 3> 300 MHz) 8 8.38 (s, 1H), 8.12 (d, 1H), 7.94 (d, 1H), 7.89 (m, 
2H), 7.79 (d, 1H), 7.58 (m, 2H), 7.44 (m, 3H), 7.35 (m, 1H), 7.29 (dd, 1H), 7.23 
(d, 1H), 4.81 (AB, 2H), 4.65 (m, 1H), 4.42 (AB, 2H), 3.94 (s, 3H), 3.17 (m. 2H), 
2.39 (m, 1H), 2.05 (m, 1H). 

20 B. 7-Methoxvnaphthalene-2-sulfonic acid {1-r3-(aminoiminomethvnbenzvll-2- 
oxopvrrolidin-3-r S)-vlW2-nitrobenzvnamirie trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(2-nitrobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 5 

25 hours at room temperature. The amidine formation occurred upon heating at 
reflux for 2 hours. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.27 (bs, 2H), 9.19 (bs, 2H), 8.43 (s, 1H), 8.05 
(m, 3H), 7.96 (d, 1H), 7.82 (d, 1H), 7.71 (m, 1H), 7.65 (m, 1H), 7.52 fm,.5H), 
7.34 (dd, 1H), 4.91 (m, 1H), 4.73 (AB, 2H), 4.36 (AB, 2H), 3.89 (s, 3H), 3.18 (m, 
1H), 3.09 (m, 1H), 2.25 (m, 1H), 1.82 (m, 1H). FAB MS, [M+H] + =588. 
Elemental analysis calculated with 1.7 mole of H 2 0: C=52.52%, H=4.59%, 

35 N=9.57%; found C=52.53%, H=4.21%, N=9.24%. 
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7-Methoxvnaphthalene-2-sulfonic acid { 1 -f3-(aminoiminomethvnbenzvr|-2- 
oxoDvrrolidin-3-(SWIH2 -aminobenzvnamide bistrifluoroacetate. 



7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)bei izyi}-r- 
5 oxopyrrolidin-3-(S)-yl}-(2-nitrobenzyl)amide is converted to the t::ie srr ":pound 
as described in EXAMPLE 44, Part A. The crude product is purified by RP- 
HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
1 0 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.12 (bs, 2H), 8.45 (s, 1H), 8.04 
(d, 1H), 7.96 (d, 1H), 7.83 (d, 1H), 7.68 (d, 1H), 7.55 (m, 4H), 7.36 (d, 1H), 6.98 
(m, 2H), 6.65 (d, 1H), 6.47 (m, 1H), 4.79 (m, 1H), 4.33 (AB, 2H), 4.32 (AB, 2H), 
3.89 (s, 3H), 3.10 (m, 1H), 2.85 (m, 1H), 2.15 (m, 1H), 1.69 (m, 1H). FAB MS, 
[M+H] + =558. 

15 

EXAMPLE 49 

3-r2-Oxo-3f.SVf2- phenvlethenosulfonvlamino^pv rr olidin-1-ylmeth vH- 
benzamidine trifluoroacetate. 



20 A. 2-Phen vlethenesulfonic acid f1-(3-cvanobenzvn-2-oxopvrrolidin-3fSV 
yljamide. 

The title compound is prepared from ?"(3-(8)-amir.o-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using trans-p- 
styrenesulfonyl chloride in place of 6-methoxynaphthalene-2-sulfonyl chloride. 
25 The crude product is triturated from 50% EtOAc/hexanes to give the title 
compound as a solid. 

1 H NMR (CDCI 31 300 MHz) 8 7.60 (m, 1H), 7.48 (m, 9H), 6.93 (d, 1H), 5.35 (d, 
1H), 4.51 (AB, 2H), 4.04 (m, 1H), 3.27 (m, 2H), 2.65 (m, 1H), 2.12 (m, 1H). 

30 B. 3-r2-Ox o-3fS^-f2-phenvleth6nesulfonvlamino^vrrQlidin-1-v^.^r' ^v 
benzamidine trifluoroacetate. 

2-Phenylethenesulfor«ic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
35 The amidine formation occurred over a period of 18 hours at room temperature. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
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CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.35 (bs, 2H), 9.20 (bs, 2H), 7.90 (d, 1H), 7.70 
(m, 3H), 7.60 (m, 3H), 7.48 (m, 3H), 7.35 (m, 2H), 4.50.(s, 2H), 4.18 (m, 1H), 
5 3.20 (m, 2H), 2.39 (m, 1H), 1.88 (m, 1H). FAB MS, [M+H] + =399. Elemental 
analysis calculated with 1.3 mole of H 2 0: C=49.35%, H=4.81%, N=10.46%, 
found C=49.35%, H=4.35%, N=10.28%. 

EXAMPLE 50 

10 3-r2-Oxo-3(SVf2-Dhenvle thanesulfonylamino^nvrrnlidin-1-vlmQthvl|- 
benzamidine trifluoroanaratft. 

A. 2-Phenvlethanesulfonic acid ri-f3-cvanohenzvn-2-oxopvrrolidin-3rs^- 
vnamide. 

15 2-Phenylethenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 44, Part A. The 
crude product is purified by column chromatography in a gradient of 10% 
EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title compound as a solid. 
1 H NMR (CDCI 3) 300 MHz) 8 7.59 (d, 1H), 7.52 (s, 1H), 7.46 (m, 2H), 7.28 (m, 

20 5H), 5.54 (d, 1H), 4.45 (AB, 2H), 4.25 (m, 1H), 3.50 (m, 2H), 3.25 (m, 4H), 2.59 
(m, 1H),2.00 (m, 1H). 

B. 3-f2-Oxo-3( S)-(2-phenvlethanesulfonvlamino ^Dvrrolidin-1 -vlmflthyl]- 
benzamidine trifluoroacetate. 

25 2-Phenylethanesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidhvi:(J) >':amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
The amidine formation occurred over a period of 3 days at room temperature. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 

30 CH 3 CN/H 2 0 (0. 1 % TFA) to 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6> 300 MHz) 8 9.32 (bs, 2H), 9.22 (bs, 2H), 7.85 (d, 1H), 7.70 
(m, 1H), 7.60 (m, 3H), 7.30 (m, 4H), 7.23 (m, 1H), 4.49 (AB, 2H), 4.25 (m, 1H), 
3.45 (m, 2H), 3.21 (m, 3H), 2.98 (m, 1H), 2.40 (m, 1H), 1.89 (m, 1H). FAB MS, 

35 [M+H] + =401. 



EXAMPLE 51 
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rimino-f3-(3-r7-Methoxvnaphthalene-2-sulfo nvnmethvlamino1-2-oxo-3^SV 
pyrrolidin-1-vlmethvnphenvl)methvncarbamic acid ethyl ester. 

To a solution of 7-methoxy-2-napthalenesulfonic acid .{1 -[3- 
5 (aminoirninomethyl)benzyl]-2-oxo-3(S)-pyrrolidin-3-yl}methylamide 

trifluoroacetate (4.85 g, 8.5 mmol) in 80 mL of CH 2 CI 2 and 5 mL of DMF is 
added N-methyipiperidine (2.93 g, 29.5 mmol) followed by ethyl chloroformate 
(0.93g, 8.5 mmol). After 1.5 hours, the solution is diluted with EtOAo. The 
solution is washed with H 2 0, saturated NaHC0 3 and saturated NaCI. The 
10 organic layer is dried over MgS0 4 , filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 20% 
CHgClg/EtOAc to 30% CH 2 Clg/EtOAc to afford the title compound (3 g, 5.6 mmol) 
as a white solid. 

1 H NMR (DMSO-d 6l 300 MHz) 8 9.02 (bs, 2H), 8.79 (s, 1H), 8.02 (d, 1H), 7.93 
15 (d, 1 H), 7.81 (d, 1 H), 7.76 (s, 1 H), 7.70 (d, 1 H), 7.56 (s, 1 H), 7.37 (m, 3H), 4.90 
(t, 1H), 4.36 (AB, 2H), 4.00 (m, 3H), 3.87 (s, 3H), 3.1 1 (m, 2H), 2.66 (s, 3H), 1.94 
(m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =539. Elemental analysis calculated 
with 0.5 mole of H 2 0: C=59.22%, H=5.71%, N=10.23%, found C=59.24%, 
H=5.90%, N=9.78%. 

20 

EXAMPLE 52 

3-r2-Oxo-3(S)-f2-(pvridin-4-vlaminoVethanesulfonvlamino)- pvrrolidin-1- 
vlmethvn-benzamidine bistrifluoroacetate. 

25 A. Ethenesulfonic acid f 1-f3-cvanobenzvl)-2-oxopvrrolidin-3fSVvnamide. 
The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyi)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2- 
chloroethanesulfonyl chloride in place of 6-methoxynaphthalene-2-sulfonyl 
chloride. The crude product is purified by column chromatography in a 

30 gradient of 1 0% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to afford the title 
compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (d, 1H), 7.51 (m, 3H), 6.70 (m, 1H), 6.42 (d, 
1H), 6.03 (d, 1H), 5.20 (bs, 1H), 4.52 (AB, 2H), 3.99 (m, 1H), 3.25 (iTi, 2S i}, 2.62 
(m, 1H),2.08(m, 1H). 

35 

B. 3-r2-Oxo-3(S)-(2-(pvridin-4-vlamino^ethanesul fonvlamino)-pvrrolidin-l- 
vlmethvll-benzamidine bistrifluoroacetata. 
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To a solution of ethenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3(S)- 
yljamide (0.20 g, 0.64 mmol) in 20 mL of a 1:1 mixture of THF/CH 2 CI 2 is added 
4-aminopyridine (0.20 g, 0.64 mmol). The mixture is stirred at room 
temperature for 18 hours, and then heated at reflux for 3 hours. The reaction 
5 mixture is allowed to cool and concentrated in vacuo. The crude 2-(pyridin-4- 
ylamino)-ethanesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
The amidine formation occurred upon heating at reflux for 4 hours. The crude 

1 0 product is purified by RP-HPLC eluting in a gradient of 2% CH 3 CN/H 2 0 (0.1 % 
TFA) to 50% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.47 (bs, 2H), 9.36 (bs, 2H), 8.20 (m, 3H), 8.14 
(m, 1H), 8.10 (s, 1H), 7.71 (m, 1H), 7.63 (s, 1H), 7.59 (d, 2H), 6.80 (m, 1H), 4.61 

1 5 (m, 2H), 4.50 (AB, 2H), 4.27 (m, 1 H), 3.80 (m, 2H), 3.23 (m, 2H), 2.40 (m, 1 H), 
1.80 (m, 1H). FAB MS, [M+H] + =417. Elemental analysis calculated with 2.5 
moleofH 2 0: C=40.06%, H=4.53%, N=12.19%, found C=40.06%, H=3.68%, 
N= 11.73%. 

20 EXAMPLE 53 

2 , -Methoxybiphenyl-4-sulfonic acid {1-r3-(aminoiminomethyl)benzyl]-2- 
Qxopyrrolidin-3(S)-yl} amide trifluorpacetate- 

A. 4-(2-Methoxyphenyl)-bromobenzene. 

25 To a solution of 2-bromoanisole (3.5 g, 18.7 mmol) in 40 mL of THF at -7°C is 
added n-butyl lithium (11.7 mL of a 1.6 M solution in THF, 18.7 mmol). The 
solution is stirred for 15 minutes. After this time, ZnCI 2 (20 mL of a 1 M solution 
in Et 2 0, 20 mmol) is added. The solution is allowed to warm to ambient 
temperature, and stirred for 3 hours. After this time, a solution of 4- 

30 iodobromobenzene (5.6 g, 19.8 mmol) and tetrakis(triphenylphosphine)- 

palladium(O) (1.1 g, 1 mmol) in 30 mL of THF is added. The reaction mixture is 
stirred for 16 hours. After this time, the solution is poured into 100 mL of H z O. 
The solution is diluted with EtOAc. The organic layer is washed with 2 N 
NH 4 OH, H 2 0 and saturated NaCI. The organic layer is dried over MgS0 4 , 

35 filtered, and concentrated. The crude product is purified by column 
chromatography eluting with gradient of 10% CH 2 CI,>/hexanes to 20% 
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CHgClj/hexanes to afford the title compound (2.61 g, 10 mmol) as a crystalline 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (d, 2H), 7.51 (d, 2H), 7.38(m, 2H), 7.08 (m, 
2H), 3.85 (s, 3H). 

5 

B. 2'-Methoxy b iphenyl-4-sulfonyl chloride. 

To a solution of 4-(2-methoxyphenyl)bromobenzene (0.82 g, 3.2 mmol) in 15 
mL of THF at -78°C is added n-butyl lithium (2 mL of a 1.6 M solution in 
hexanes, 3.2 mmol). After 30 minutes, the solution is transferred to a flask 

1 0 containing 10 mL of S0 2 in 40 mL of Et 2 0 at -78°C. The solution is stirred at - 
78°C for 30 minutes, and then at ambient temperature for 2 hours. After this 
time, the solution is concentrated. The residue is dissolved in 20 mL of 
hexanes. The solution is cooled to 0°C and sulfuryi chloride (3.2 mL of a 1 M 
solution in CH 2 CI 2 ) is added. The solution is stirred for 1 hour. After this time, 

15 the solution is concentrated. The crude product is purified by column 

chromatography eluting with 2% EtOAc/hexanes to afford the title compound 
(0.34 g, 2.6 mmol) as an oil. 

1 H NMR (CDCI3, 300 MHz) 8 8.07 (d, 2H), 7.81 (d, 2H), 7.44 (m, 2H), 7.02 (m, 
2H), 3.88 (S, 3H). 

20 

Q. 2'-Methoxvbiphenvl-4-sulfonic acid rW3-cva nobenzvn-2-oxoovrrolidin-3- 
(S)-vllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2% 
25 methoxybiphenyl-4-sulfonyl chloride in place of 6-methoxynaphthalen?>2- 
sulfonyl chloride. The crude product is purified by column chromatography 
eluting with a gradient of 10% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to give the 
title compound as a white foam. 

1 H NMR (CDCI3, 300 MHz) 8 7.95 (m, 2H), 7.48 (d, 7H), 7.08 (m, 2H), 5.51 (bs, 
30 1H), 4.50 (AB, 2H), 3.88 (s, 3H), 3.26 (m, 2H), 2.62 (m, 1H), 2.19 (m, 1H). 

D. 2'-Methoxvbiphsnvl-4-sulfoni c acid f1-r3-fcminoiminomethvnbenzvl1-2- 
Oxopyrrolidin-3(SVvl) amide trifluoroanetate. 

2'-Methoxybiphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
35 yljamide is converted to the title compound as described in EXAMPLE 24, Part 

C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
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CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are iyophilized to provide the title compound as a while solid. 
1 H NMR (DMSO-d 6) 300 MHz) 5 9.31 (bs, 4H), 8.21 (d, 1H), 7.90 (m, 2H), 7.61 
(m, 3H), 7.41 (m, 2H), 7.35 (m, 2H), 7.12 (m, 3H), 4.45. (AB, 2H), 4.18 (m, 1H), 
5 3.76 (s, 3H), 3.15 (m, 2H), 2.15 (m, 1H), 1.68 (m, 1H). FAB MS, [M+H] + =479. 

EXAMPLE 54 

5.6.7.8-Tetrahvd roDhenanthrene-3-sulfonic acid {1-[3- 

(aminoiminornethyi)ben2yil-2-oxo-3(S)-pyrroiidin-3-yi}amide trifigoroacetate, 

10 

A. 5.6.7.8-Tetrahvdrophenan threne-3-sulfonvl chloride. 
5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid sodium salt (1 g, 3.68 mmol) is 
suspended in 5 mL of thionyl chloride. DMF (2 drops) is added and the 
solution is heated to 60°C for 30 minutes. After this time, the reaction fixture is 

1 5 concentrated. The residue is triturated with CH 2 CI 2 and the resulting solid is 
filtered off. The collected organic solution is concentrated. The crude product is 
purified by column chromatography eluting with 10% EtOAc/hexanes to give 
the title compound (0.60 g, 2.3 mmol) as a white solid. 
1 H NMR (CDCIg, 300 MHz) 8 8.51 (s, 1H), 8.12 (d, 1H), 8.00 (d, 1H), 7.78 (d, 

20 1H), 7.37 (d, 1H), 3.12 (m,2H), 2.98 (m, 2H), 1.98 (m, 4H). 

B. 5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid M-(3-cvanobenzyn-2- 
oxopvrrolidin-3-f SVvl)amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B , substituting 

5,6,7,8-tetrahydrophenanthrene-3-sulfonyl chloride for 6-methoxynaphtnr.lene- 

2-sulfonyl chloride. The crude product is purified by column chromatography 

eluting with a gradient of 20% EtOAc/CH 2 CI 2 to 30% EtOAc/CH 2 CI 2 to give the 

title compound as a white foam. 
30 1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1H), 8.19 (d, 1H), 7.89 (m, 1H), 7.70 (m, 

1H), 7.56 (m, 1H), 7.39 (m, 4H), 5.45 (bs, 1H), 4.42 (AB, 2H), 3.76 (t, 1H), 3.19 

(m, 4H), 2.99 (m, 2H), 2.58 (m, 1H), 1.94 (m, 5H). 

C. 5.6.7.8-Tetrahydrophenanthrene-3-sulfonic acid {1-[3- 

35 (aminoiminomethvl)benz yn-2-oxo-3(SVDvrrolidin-3-vl)amide trifluoroacetate. 
5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
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EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

5 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.03 (bs, 2H), 8.41 (s, 1H), 8.22 
(dd, 2H), 7.89 m, 1H), 7.63 (m, 4H), 7.39 (d, 1H), 4.44 (AB, 2H), 4.19 (m, 1H), 
3.12 (m, 4H), 2.91 (m, 2H), 1.88 (m, 5H), 1.58 (m, 1H). FAB MS, [M+H] + =477. 
Elemental analysis calculated with 2.50 mole of H 2 0 cal. C=52.91%, H=5.39%, 
N=8.81 % found C=52.67%, H=4.77%, N=8.41 %. 

10 

EXAMPLE 55 

lsoauinoline-5-sulfonic acid /1-r3-feminoi minomethvnbenzvn-2-oxo-3fSV 
Dvrrolidin-3-vllamirle bistrifluoroacetate. 

15 A. lsoQuinoline-5-sulfonvl chloride. 

The title compound is prepared as described in EXAMPLE 54, Part A using 
isoquinoline-5-sulfonic acid in place of 5,6,7,8-tetrahydrophenanthrene-3- 
sulfonic acid, sodium salt. The crude product is purified by triturating with Et 2 0 
to give the product as a white solid. 

20 El MS, [M]+=227. 

B. lsoquinoline -5-sulfonic acid ri-(3-cvanobenzvn-2-oxopvrrolidin-3-fSV 
yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
isoquinoline-5-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl chloride. 
The crude product is purified by column chromatography eluting with a 
gradient of 2% MeOH/CH 2 CI 2 to 4% MeOH/CH 2 CI 2 to give the title compound 
as a white foam. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 9.38 (s, 1 H), 8.81 (d, 1 H), 8.49 (m, 2H), 8.22 (d, 
1H), 7.70 (m, 1H), 7.56 (m, 1H), 7.41 (m, 3H), 5.77 (bs, 1H), 4.41 (AB, 2H), 3.84 
(t, 1H), 3.17 (dd,2H), 2.50 (m, 1H), 1.95 (m, 1H). 

C lsoauinoline-5-sulfonic acid l1-r3-faminoimin omethvnhftn7 V n-2-oxo-3fSV 
35 pyrrol id in-3- vllam ide bistrif I uoroacetate. 

lsoquinoline-5-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
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crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (D 2 0, 300 MHz) 8 9.74 (s, 1H), 8.92 (d, 1H), 8.77 (d, 1H), 8.63 (rn, 2H), 
5 8.00 (t, 1H), 7.57 (m. 1H), 7.42 (m, 3H), 4.28 (m, 3H), 3.15, (m, 2H), 2.13 (m, 
1H), 1.66 (m, 1H). FAB MS, [M+H] + =424. Elemental analysis calculated with 2 
mole of H 2 0 cal. C=43.67%, H=3.96%, N=10.19%, found C=43.59%, H=3.34%, 
N=9.95%. 

10 EXAMPLE 56 

5-ChlorothioDhene-2-sulfoni c acid n-r3-feminoiminomethvhbenzvn-2-oxo- 
3(S)-Pvrrolidin-3-vHamide trifluornaftatate 

A. 5-ChlorothiQDhene-2-sulfonic acid ri-(3-cvanobenzvn-2-oxopvrrolidin-3-rsV 
15 yllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substring 5- 
chlorothiophene-2-sulfonyl chloride for 6-methoxynaphthalene-2-sulforiyl 
chloride. The crude product is used without further purification. 
20 n H NMR (CDCI 3 , 300 MHz) 8 7.61 (m, 1 H), 7.47 (m, 4H), 7.00 (m, 1 H), 5.41 (bs, 
1H), 4.50 (AB, 2H), 3.89 (m, 1H), 3.24 (m, 2H), 2.62 (m, 1H), 2.11 (m, 1H). 

B. 5-Qhlorothiophene-2-sulfonic acid n-r3-fcminoiminomethvnb enzvl)-2-oxo- 
3(S)-Pvrrolidin-3-vl)amide trifluoroacetate 

25 5-Chlorothiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is converted to the title compound as described in EXAMPLE 24, Part 

C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 

30 1 H NMR (DMSO-d 6> 300 MHz) 8 9.31 (bs, 2H), 9.12 (bs, 2H), 8.60 (d, 1 1 7.68 
(m, 1H), 7.56 (m, 3H), 7.21 (m, 1H), 4.43 (AB, 2H), 4.20 (AB, 2H), 3.18 (m, 2H), 
2.19 (m, 1H), 1.69 (m, 1H). FAB MS, [M+H] + =413. Elemental analysis 
calculated with 0.75 mole of H 2 0 cal. C=40.0%, H=3.64%, N=10.37%, found 
C=40.04%, H=3.64%, N=10.05%. 

35 

EXAMPLE 57 
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2.4-Diaminoauinazoline-6-sulfonic acid (1-f3-temlno lmlnomethvl)benzyn-2- 
oxo-3(S)-Dvrrolidin-3-vl)amide trifl uoroacetate. 

A. 2.4-Diaminoauinazoline-6-sulf onvl chloride sulfate salt. 

5 To a hot solution of 2,4-diaminoquinazoline (2.3 g, 14.1 mmol) is added 2 mL 
of cone. H 2 S0 4 . The solution is further heated until all the solid dissolves. The 
solution is then cooled to ambient temperatures and a solid forms. The solid is 
filtered off. The solid is then cooled to 0°C and a suspension. of 0. 1 g of NaCI in 
3 mL of chlorosulfuric acid is added dropwise. The resulting solution is heated 
10 to 1 50°C for 3 hours. After this time, the solution is poured into 50 mL of ice 
water, the resulting solid is collected by filtration and dried under vacuum. The 
title compound (3.2 g, 9 mmol) is obtained as a white solid. 
1 H NMR (DMSO-d 6> 300 MHz) 5 12.50 (bs, 2H), 9.15 (bs, 1H), 8.78 (bs, 1H), 
8.52 (s, 1H), 7.98 (d, 1H), 7.41 (d, 1H). 

15 

B. 2.4-Diaminoauinazoline-6- s ulfonic acid M-fc-cvanobenzvn-P- 
oxopvrrolidin-3-fS Wnamide. 

To a solution of 3-(3-(S)-amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile 
hydrochloride (0.50 g, 2 mmol) in 8 mL of H 2 0 is added triethyl amine (0.7 g, 7 

20 mmol). After stirring for 10 minutes, 2,4-diamino-quinazoline-6-sulfonyi 
chloride sulfate salt (0.71 g, 2 mmol) is added. The solution is refluxed tor 1 
hour. After this time, the solution is cooled to ambient temperatures. The 
solution is filtered. The collected solid is dried under vacuum to give the title 
compound (0.22 g, 0.5 mmol) as a white solid. 

25 1 H NMR (DMSO-d 6 , 300 MHz) 8 8.48 (s, 1 H), 7.92 (m, 1 H), 7.80 (m, 1 H), 7.60 
(m, 1H), 7.51 (m, 2H), 7.18 (d, 1H), 6.37 (bs, 1H), 4.35 (AB, 2H), 4.08 (m, 1H), 
3.05 (m, 2H), 1.98 (m, 1H), 1.52 (m, 1H). 

C. 2.4-Diamino-auinazoline- 6-sulfonic acid n-r3-(aminoiminomethvnbenzvl]- 
30 2-oxo-3(SVpvrrolidin-3-vH amide trifluoroacetate 

2,4-Diamino-quinazoline-6- sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The crude product is purified by RP-HPLC eluting with a g-adie >> of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
35 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 
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1 H NMR (D 2 0, 300 MHz) 6 8.41 (s, 1H), 8.08 (d, 1H), 7.55 (m, 1H), 7.43 (m, 4H), 
4.32 (AB, 2H), 4.15 (m, 1H), 3.13 (m, 2H), 2.12 (m, 1H), 1.63 (m, 1H). FAB MS, 
[M+H] + =455. Elemental analysis calculated with 0.50 mole of H 2 0 cal. 
C=38.77%, H=3.25%, N=13.91%, found C=38.78%, H=3.23%, N-13.92%. 

5 

EXAMPLE 58 

7-Methoxv-2-naothalenesMlfoni c acid H-ffl-famlnoimlnomethvnbftnzyll-P-nYn- 
3(g)-py rrolidin-3-vl)ethvlamide trifluoroaostate. 

10 A. 7-Methoxy-2-n apthalenes ulfonic acid ri-f3-cvanohenzvn-2-oxonvrrolidin-3- 
(SVvnethvlamidft. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide, prepared as described in EXAMPLE 43, Part A, and ethyl iodide. The 
15 crude product is purified by column chromatography eluting with gradient of 
15% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title compound as a 
white foam. 

1 H NMR (CDC!,, 300 MHz) 5 8.46 (s, 1H), 7.92 (m, 2H), 7.81 (s, 1H), 7.50 (m, 
4H), 7.28 (m, 1H), 4.59 (m, 2H), 4.39 (m, 1H), 3.92 (s, 3H), 3.26 (m, 3H), 2.49 
20 (m, 1 H), 2.23 (m, 1 H), 1 .22 (m, 3H). 

B. 7-Methoxy-2-naDthalenesiJlfonic acid n-r.?- fam:noiminnm6thvj;Lnr;: v;,]-P- 
0XQ-3f$)-Pvrrolidin-3-vllethvlamide triflnnrnaretatP 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
25 (S)-yl]ethylamide is converted to the title compound as described in EXAMPLE 
24, Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

30 1 H NMR (CDCI 3 , 300 MHz) 5 10.24 (bs, 2H), 8.48 (s, 1H), 7.99 (m, 1H), 7.90 (m, 
1H), 7.79 (m, 1H), 7.53 (m, 4H), 7.26 (m, 1H), 5.08 (d, 1H), 4.29 (m, 1H), 4.08 
(m, 1H), 3.92 (s, 3H), 3.38 (m, 2H), 3.20 (m, 1H), 2.51 (m, 2H), 1.15 (m, 3H). 
FAB MS, [M+H] + =481. Elemental analysis calculated with 1.75 mole of H 2 0 cal. 
C=50.39%, H=4.72%, N=8.40%, found C=49.99%, H=4.69%, N=8,12%. 

35 

EXAMPLE 59 
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7-Methoxv-2-napthalenesulfonic acid {1-f3-(aminoiminomethvnbenzvn-2-oxo- 
3fS)-pyrroliciin-3-vl)f3-fluoroben2vnamide trifluoroacetate. 

A. 7-Methoxy-2-napthaJenegulfQnic acid [1-(3-cyanQbenzyl)-2-Qxopyrrolidin-3- 
5 (S)-yl]-(3-fluorQbgnzyl)amide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide, prepared as described in EXAMPLE 43, part A, and 3-fluorobenzyl 
bromide. The crude product is purified by column chromatography eluting with 
1 0 gradient of 40% EtOAc/hexanes to 50% EtOAc/hexanes to afford the title 
compound as a white foam. 

1 H NMR (CDCIg, 300 MHz) 8 8.45 (s, 1H), 7.92 (m, 2H), 7.80 (d, 1H), 7.60 (m, 
1H), 7.49 (m, 3H), 7.25 (m, 3H), 7.17 (m, 2H), 6.92 (m, 1H), 4.62 (m, 3H), 4.31 
(m, 2H), 3.96 (s, 3H), 3.05 (m, 2H), 2.30 (m, 1H), 1.97 (m, 1H). 

15 

B. 7-Methoxv-2-naothalenes ulfonic acid f1-f3-faminoiminomethynbenzvl1-2- 
oxo-3(S)-pyrrolidin-3-vlH3-fluorobenzvnamid e trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-ylJ- (3-fluorobenzyl)amide is converted to the title compound as described 

20 in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.25 (bs, 4H), 8.41 (s, 1H), 7.99 (m, 2H), 7.79 
25 (m, 1H), 7.69 (m, 1H), 7.51 (m, 4H), 7.24 9m, 4H), 7.04 (m, 1H), 4.80 (m, 1H), 
4.38 (m, 4H), 3.88 (s, 3H), 3.08 (m 2H), 2.12 (m, 1H0, 1.71 (m, 1H). FAB MS, 
[M+H] + =561 . Elemental analysis calculated with 0.25 mole of H 2 0 cal. 
C=56.60%, H=4.53%, N=8.25%, found C=56.54%, H=4.48%, N=8.18%. 

30 EXAMPLE 60 

7-Methoxv-2-napthalenesulfonic acid f1-r3-faminoiminomethvhbenzvl1-2-oxo- 
3(S)-pyrrolidin-3-vlU4-methvlbenzvhamide trifl uoroacetate. 

A. 7-Methoxv-2-naDthalenesulf onic acid ri-(3-cvanobenzvn-2-oxopvrrolidin-3- 
35 (SWn-(4-methvlbenzvnamide. 

The title compound is prepared as described in EXAMPLE 25, Paii A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
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yl]amide, prepared as described in EXAMPLE 43. part A, and 4-rr.*!ny^<=.nzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 40% EtOAc/hexanes to 50% EtOAc/hexanes to afford the title 
compound as a white foam. 
5 1 H NMR (CDCI 3 , 300 MHz) 5 8.43 (s, 1 H), 7.92 (m, 2H), 7.78 (d, 1 H), 7.57 (m, 
1H), 7.43 (m, 3H), 7.22 (m, 5H), 7.04(m, 2H), 4.56 (m, 3H), 4.28 (m, 2H), 3.92 (s, 
3H), 2.99 (m, 2H), 2.27 (m, 4H), 1.99 (m, 1H). 

B. 7-Methoxv-2-napthalenesulfonic acid {1-f3-faminoiminomethvnbenzvl]-2- 
10 oxo-3(SVpvrrolidin-3-vlU4-methvlbenzvnamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](4-methylbenzyl)amide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TPA) and 
1 5 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.1 1 (bs, 2H), 8.40 (s, 1H), 7.98 
(m, 2H), 7.81 (d, 1H), 7.65 (m, 1H), 7.51 (m, 4H), 7.32 (m, 1H), 7.19 (m, 3H), 
7.05 (d, 2H), 4.75 (t, 1H), 4.45 (m, 2H), 4.25 (m, 2H), 3.89 (S, 3H), 3.06 (m, 1H), 
20 2.95 (m, 1H), 2.1 1 (s, 3H), 2.10 (m, 1H), 1.64 (m, 1H). FAB MS, [M+H] + =557. 
Elemental analysis calculated with 2 mole of H 2 0 cal. C=56.08%, H=5.28%, 
N=7.93%, found C=56.00%, H=4.69%, N=7.73%. 

EXAMPLE 61 

25 7-Methoxv-2-napthalenesulfonic acid {1-f3-(aminoiminomethyl)benzyl] 2-oxo- 
3(S)-Dvrrolidin-3-vllf3-methvlbenzvhamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid f1-(3-cvanobenzvn-2-oxopyrrolidin-3- 
(SVvllf3-methvlbenzvhamide. 

30 The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide, prepared as described in EXAMPLE 43, Part A, and 3-methylbenzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 40% EtOAc/hexanes to 50% EtOAc/ hexanes to afford the title 

35 compound as a white foam. 



WO 96/40679 



PCT/US96/09816 



1 H NMR (CDCI 3) 300 MHz) 8 8.44 (s, 1H), 7.92 (m, 2H), 7.78 (d, 1H), 7.58 (m, 
1H), 7.42 (m, 3H), 7.23 (m, 2H), 7.09 (m, 5H), 4.55 (m, 3H), 4.28 (m, 2H) : 3.92 
(s, 3H), 3.02 (m, 2H), 2.25 (m, 4H), 1.95 (m, 1H). 

5 B. 7-Methoxy-2-napthalenesulfonic acid {1-[3-faminoiminomethynbenzyl]-2- 
oxo-3(S)-pyrrolld ln-3-yl)(3-methylbenzyl)amlde trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-methylbenzyl)amide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
1 0 a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.19 (bs, 2H), 8.42 (s, 1H), 7.98 
(m, 2H), 7.82 (d, 1H), 7.66 (m, 1H), 7.51 (m, 4H), 7.32 (m, 1H), 7.06 (m, 4H), 
15 4.76 (t, 1H), 4.34 (m, 4H), 3.89 (s, 3H), 3.14 (m, 1H), 2.95 (m, 1H), 2.14 (s, 3H), 
2.10 (m, 1H), 1.68 (m, 1H). FAB MS, [M+H] + =557. Elemental analysis 
calculated with 1.25 mole of H 2 0 cal. 057.18%, H=5.16%, N=8.08%, found 
C=57.35%, H=4.78%, N=7.98%. 

20 EXAMPLE 62 

7-Methoxy-2-na pthalenesulfonic acid {1-[3-(aminoiminomethynbenzyl]-2-oxo- 
3(SVpvrrolidin-3 -vllnapthalene-2-ylmethvlamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenes ulfonic acid f1-(3-cvanobenzvn-2-oxopyrrolidin-3- 
25 (S\-yl1napthalene-2-ylmethylamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 
7-methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrroIidin-3- 
(S)-yl]amide, prepared as described in EXAMPLE 43, part A, and 2-bromo- 
methylnaphthalene. The crude product is purified by column chromatography 
30 eluting with gradient of 40% EtOAc/hexanes to 50% EtOAc/hexanes to afford 
the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1H), 7.92 (m, 2H), 7.73 (m, 5H), 7.38 (m, 
9H), 4.81 (AB, 1H), 4.64 (t, 1H), 4.51 (m, 2H), 4.31 (AB, 1H), 3.91 (s, 3H), 2.95 
(m, 2H), 2.24 (m, 1H), 1.99 (m, 1H). 

35 

B. 7-Methoxv-2-napthalenesul fonic acid {1-[3-(aminoiminomethvnbenzyl]-2- 
oxo-3(S)-Pvrrolidin-3-vl)napthalene-2-ylmethylamide trifluoroacetate. 
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7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]napthalene-2-ylmethylamide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/K 2 0 
5 (0.1% TFA) and the appropriate product fractions are lyophilized io provide the 
title compound as a white solid. 

1 H NMR (DMSO-d e> 300 MHz) 8 9.31 (bs, 2H), 9.20 (bs, 2H), 8.40 (s, 1H), 7.97 
(m, 2H), 7.79 (m, 3H), 7.65 (m, 1H), 7.48 (m, 10H), 4.88 (t, 1H), 4.69 (m, 1H), 
4.40 (m, 3H), 3.89 (s, 3H), 3.09 (m, 1H), 2.91 (m, 1H), 2.13 (m, 1HJ.1.71 (m, 1H). 
10 FAB MS, [M+HJ + =593. Elemental analysis calculated with 0.75 mole of H 2 0 cal. 
C=60.17%, H=4.63%, N=7.63%, found C=60.03%, H=4.83%, N=7.78%. 

EXAMPLE 63 

7-Methoxv-2-napthalenesulfo nic acid l1-f3-famtnoimlnomethvnbenzvll-2-oxo- 
15 3(S)-Dvrrolidin-3-vl)(3-Dhe nvlallvnamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesul fonic acid f1-f3-cvanobenzvn-2-oxop vrre;idin-3- 
(S)-vll-(3-phenvlallvnamide. i 

The title compound is prepared as described in EXAMPLE 25, Part A using 
20 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide, prepared as described in EXAMPLE 43, part A, and cinnamyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 20% EtOAc/hexanes to 30% EtOAc/hexanes to afford the title 
compound as a white foam. 
25 1 H NMR (CDCI 3 , 300 MHz) 5 8.44 (s, 1 H), 7.90 (m, 2H), 7.79 (d, 1 H), 7.50 (m, 
5H), 7.28 (m, 6H), 6.43 (d, 1H), 6.20 (m, 1H), 4.71 (t, 1H), 4.40 (AB, 2H), 4.01 
(m, 2H), 3.91 (s, 3H), 3.17 (m, 2H), 2.48 (m, 1H), 2.31 (m, 1H). 

B. 7-Methoxv-2-napthalenesulfonic acid (1- r3-(aminoiminomethvhbenryl) -2- 
30 oxo-3fS)-Dvrrolidin-3-vl)f3-Dhenvlallvna mide trifiuoroacetata. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](3-phenylallyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
35 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 6 9.28 (bs, 2H), 9.0£ (bs, 2H), 8.41 (s, 1H), 7.95 
(m, 2H), 7.79 (m, 1H), 7.61 (m, 2H), 7.45 (m, 3H), 7.29 (m, 6H), 6.50 (d, 1H), 
6.18 (m, 1H), 4.85 (t, 1H), 4.36 (AB, 2H), 4.01 (m, 1H), 3.88 (m, 1H), 3.84 (s, 
3H), 3.14 (m, 2H), 2.91 (m, 1H), 2.15 (m, 1H),1.98 (m, 1H). FAB MS, 
5 [M+H] + =569. Elemental analysis calculated with 1.75 mole of H 2 0 cal. 
C=57.18%, H=5.15%, N=7.84%, found C=57.10%, H=5.15%, N=7.58%. 

EXAMPLE 64 

7-Methoxv-2-naPthalenesulfonic acid {1-r3-fcminoiminomethvnbenzyll-2-oxo- 
10 3(S)-pyrrolidin-3-ylK3-methylbenzyl)amide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid ri-(3-cyanobenzyh-2-oxopyrrolidin-3- 
(SVvl1}(3-methylben zyl)amide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 
15 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide, prepared as described in EXAMPLE 43, part A, and 
2-bromomethylnaphthalene. The crude product is purified by column 
chromatography eluting with gradient of 5% EtOAc/CH 2 CI 2 to 10% 
EtOAc/CH 2 CI 2 to afford the title compound as a white foam. 
20 1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (s, 1 H), 7.92 (m, 2H), 7.80 (d. 1 H). 7.58 (m, 
1H), 7.45 (m, 2H), 7.31 (m, 4H), 7.12 (m, 3H), 4.71 (m, 1H), 4.49 (m, 2H), 4.31 
(AB, 2H), 3.95 (s, 3H), 2.98 (m, 2H), 2.29 (s, 3H), 2.28 (m, 1H), 1.95 (m, 1H). 

B. 7-Methoxv-2-napthalenesul fonic acid {1-f3-(aminoiminomethvnbenzyl]-2- 
25 oxo-3(SVpyrrolidin-3-ylW3-methylbenzvnamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]}(3-methylbenzyl)amide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
30 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.25 (bs, 2H), 9.14 (bs, 2H), 8.41 (s, 1H) ; 8.00 
(m, 1H), 7.92 (m, 1H), 7.81 (m, 1H), 7.65 (m, 1H), 7.51 (m, 4H), 7.32 (m, 2H), 
7.08 (m, 3H), 4.72 (t, 1H), 4.55 (m, 1H), 4.28 (AB, 2H), 3.90 (s, 3H), 3.09 (m, 
35 1H), 2.90 (m, 1H), 2.21 (s, 3H), 2.15 (m, 1H),1.64 (m, 1H). FAB MS, 
[M+H] + =557. Elemental analysis calculated with 1.75 mole of H 2 0 cal. 
C=56.44%, H=5.24%, N=7.98%, found C=56.39%, H=4.69%, N=7.69%. 
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EXAMPLE 65 

7-Methoxv-2-napthalenesulfonic acid f1-r3-(aminoiminomethvnbenzvll-2-oxo- 
3fSVpvrrolidin-3-vl)f2-fluorobenzvnamide trifluoroacetate. 

5 

A. 7-Methoxv-2-napthalenesulfo nic acid f1-(3-cvanobenzvn-2-oxopvrrolidin-3- 
(S)-yl1}(2-fluorobenzyl)amide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopy!<c!idi'v3-(S)- 
10 yl]amide, prepared as described in EXAMPLE 43, part A, and 2-fluorobenzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 5% EtOAc/CH 2 CI 2 to 10% EtOAc/CH 2 CI 2 to afford the title compound 
as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 88.50 (s, 1H), 7.93 (m, 2H), 7.80 (m, 1H), 7.61 (m, 
1 5 2H), 7.48 (m, 2H), 7.32 (m, 5H), 7.12 (m, 1 H), 6.98 (m, 1 H), 4.58 (m, 4H), 4.28 
(m, 1H), 3.92 (s, 3H), 3.09 (m, 2H), 2.31 (s, 1H), 2.04 (m, 1H). 

B. 7-Methoxy-2-napthalenesulfonic acid {1-f3-(aminoiminomethynbenzyr|-2- 
oxo-3(SVpvrrolidin-3-vl}}(2-fluorobenzvnamide trifluoroacetate. 

20 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidln-3- 
(S)-yl]}(2-fluorobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 

25 as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 4H), 8.42 (s, 1H), 7.95 (m, 2H), 7.79 
(m, 1H), 7.55 (m, 6H), 7.31 (m, 2H), 7.11 (m, 2H), 4.85 (t, 1H), 4.48 (m, 4H), 3.89 
(s, 3H), 3.08 (m, 2H), 2.15 (m, 1H), 1.72 (m, 1H). FAB MS, [M+H] + =561. 
Elemental analysis calculated with 2.50 mole of H 2 0 cal. C=53.40%, H=4.92%, 

30 N=7.78%, found C=53.55%, H=4.28%, N=7.42%. 

EXAMPLE 66 

2-Fluorobiphenvl-4-sulfonic acid {1 -f3-(aminoiminomethynbenzvl]-2-oxo-3(SV 
pvrrolidin-3-vl)methvlamide trifluoroacetate. 



A. 2-Fluorobiphenyl-4-sulfonvl chloride, 
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To a solution of 4-bromo-2-fluorobiphenyl (2.54 g, 10.1 mmol) in 50 mL of THF 
at -78°C is added n-butyl lithium (16.3 mL of a 1.6 M solution in hexanes, 10.1 
mmol). After 0.5 hour, the solution is added to a solution of 10 mL of S0 2 in 10 
mL of Et 2 0 at -78°C. The solution is allowed to warm to ambient temperature 
5 and stirred for another 1 hour. The solution is concentrated. The resulting 
solid is suspended in 40 mL of hexanes and cooled to 0°C. To the suspension 
is added sulfuryl chloride (10 mL of a 1 M solution in CH 2 CI 2 , 10 mmol). The 
solution is warmed to ambient temperatures. After 1 hour, the solution is 
concentrated. The resulting residue is triturated with hexanes. The solution is 
10 filtered and the collected solvent is concentrated. The resulting solid is 

recrystallized from hexanes to give the title compound (0.6 g, 2.2 mmol) as a 
white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.88 (m, 2H), 7.68 (m, 1H), 7.52 (m, 5H). 
15 B. 2-Fluorobiphenvl-4-su |fonic acid f1-f3-cvanobenzvn-2-oxopvrrolidin-3-rSV 

yilamide- 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 2- 
fluorobiphenyl-4-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl 
20 chloride. The crude product is purified by column chromatography eluting with 
gradient of 15% EtOAc/CH 2 CI 2 to 30% EtOAc/CH 2 CI 2 to afford the title 
compound as a white foam. 

1 H NMR (CDCI 3) 300 MHz) 8 7.70 (m, 2H), 7.49 (m, 10H), 5.57 (bs, 1H), 4.48 (m, 
3H), 3.88 (m, 1H), 3.21 (m, 2H), 3.21 (m, 2H), 2.60 (m, 1H), 2.07 (m, 1H-. 

25 

C 2-Fluorobiphenvl-4-sulfonic acid ri-{3-cyan obenzvlV2-oxopvrrolidin-3-(Sl- 
vll-methylamide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 2- 
fluorobiphenyl-4-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
30 yl]amide and methyl iodide. The crude product is purified by column 
chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/CH 2 CI 2 to afford the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.70 (m, 2H), 7.51 (m, 10H), 4.93 (t, 1H), 4.55 (AB, 
2H), 3.28 (m, 2H), 2.81 (s, 3H), 2.42 (m, 1H), 2.08 (m, 1H). 

35 

D. 2-Fluoro biDhenvl-4-sulfonic acid (1-f3-faminoimlnomethynbenzyl]-g-fixrv- 
3(S)-Pvrrolidin-3-vinmethvamide trifluoroacetate. 
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2- Fluorobiphenyl-4-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]- 
methylamide is converted to the title compound as described in EXAMPLE 24, 
Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 

5 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.39 (bs, 2H), 9.14 (bs, 2H), 7.79 (m, 3H), 7.55 
(m, 9H), 4.95 (t, 1H), 4.43 (AB, 2H), 3.20 (m, 2H), 2.72 (s, 3H), 2.10 (m, 1H), 
1 .93 (m, 1 H). FAB MS, [M+H] + =481 . 

10 

EXAMPLE 67 

3- ff1-r3-rAminoim inomethvnbenzvn-2-oxopvrrolidin-3rSV3-vlVr7- 
methoxvnaDhthalene-2-sulfo nvnamino]propionamide trifluoroaceta ta. 

15 A. 3-r{1-f3-Cvanobenzvn-2-oxopvrrolidin-3 -(SVvl)-7-methoxvnaDhthalene-2- 
sulfonvlaminol-N-propionic acid t -butvl ester. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 43, part A, 
(0.82 g, 1 .9 mmol) in 10 mL of DMF is added K,,C0 3 (0.52 g, 3.8 mmol) and t- 

20 butyl acrylate (0.48 g, 3.8 mmol). The solution is heated to 60°C and stirred for 
24 hours. After this time, the solution is cooled to ambient temperatures and 
diluted with EtOAc. The solution is washed with 1 N HCI and saturated NaCI. 
The organic layer is dried over MgS0 4 , filtered, and concentrated. The title 
compound (0.64 g, 1 1 mmol) is obtained as a white foam. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 8.41 (s, 1 H), 7.89 (m, 2H), 7.80 (m, 1 H), 7.56 (m, 
4H), 7.23 (m, 2H), 4.71 (t, 1H), 4.50 (AB, 2H>, 3.92 (s, 3H), 3.63 (m, 4H), 3.37 
(m, 1H), 3.36 (m, 4H), 2.78 (m, 2H), 2.41 (m, 1H), 2.20 (m, 1H) 1.42 (s, 9H). 

B. 3-rn-f3-Cvanohenzvn-2-oxop vrrolidin-3-fS)-viy-7-methoxvnaphthalene-2- 
30 sulfonvlami nol-N-propionic add. 

3-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-propionic acid t-butyl ester is converted to the title compound 
as described in EXAMPLE 26, Part B. The title compound is obtained as a 
white foam. 

35 1 H NMR (CDCI3, 300 MHz) 8 8.41 (s, 1 H), 7.89 (d, 1 H), 7.80 (m, 2H), 7.56 (m, 
4H), 7.22 (m, 2H), 4.74 (t, 1H), 4.50 (AB, 2H), 3.92 (s, 3H), 3.56 (m, 1H), 3.37 
(m, 1H), 3.22 (m, 2H), 2.89 (m, 2H), 2.39 (m, 2H), 2.10 (m, 1H). 
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C. 3-n 1 -f3-Cvanobenzvn-2-oxopvrrolldln-3-f S)- vl>-7-methoxynaphthale.i p-2- 
sulfonvlaminolpropionamide. 

To a solution of 3-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N-propionic acid (0.51 g, 1 mmol) and 
triethyl amine (0.12 g, 1.2 mmol) in 10 mL of THF at -20°C is added ethyl 
chloroformate (0.1 1 g, 1 mmol). The solution is stirred for 15 minutes. After this 
time, 14.8 N ammonium hydroxide (0.1 mL, 1.5 mmol) is added. The solution is 
allowed to warm to ambient temperatures. The reaction is stirred for 16 hours. 
1 0 After this time, the solution is diluted with EtOAc. The organic layer is washed 
with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered, and concentrated. The title compound (0.39 g, 0.77 mmol) is 
obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1H), 7.85 (m, 2H), 7.50 (m, 4H), 7.26 (m, 
1 5 3H), 5.94 (bs, 1 H), 5.34 (bs, 1 H), 4.75 (t, 1 H), 4.45 (AB, 2H), 3.92 (s, 3H), 5.51 
(m, 1H), 3.40 (m, 1H), 3.19 (m, 2H), 2.78 (m, 2H), 2.32 (m, 1H), 2.09 (m, 1H). 

D. 3-r(1-r3-fAminoiminomethvnb enzvn-2-oxopyrrolidin-3fSV3-vll-f7- 
methoxvnaphthalene-2-sulfon vnaminolDropionamide trifluoroacetate. 

20 3-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylaminojpropionamide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH g CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 

25 as a white solid. 

1 H NMR (DMSO-d e , 300 MHz) 5 9.28 (bs, 2H), 8.98 (bs, 2H), 8.42 (s, 1H), 8.00 
(m, 2H), 7.73 (m, 2H), 7.58 (m, 4H), 7.38 (m, 2H), 6.82 (m, 1H), 4.80 (t, 1H), 4.42 
(AB, 4H), 3.88 (s, 3H), 3.22 (m, 4H), 2.52 (m, 2H), 2.12 (m, 1H), 1.81 (m, !H). 
FAB MS, [M+H] + =678. Elemental analysis calculated with 2.25 mole of H 2 0 cal. 

30 C=49.59%, H=5.13%, N=10.33%, found C=49.59%, H=4.71%, N=10.01%. 

EXAMPLE 68 

2-rf1-r3-fAminoiminomethvhbfin zvn-2-oxopvrrolidin-3-fSVyl)naDhthalene-2- 
sulfonvlaminol-N-Phenethvlacetami de trifluoroacetate. 

35 

A. Naphthalene-2-sulfonic acid f 1-f3-cvanobenzvlW2-oxnnvrrolidin-3-(SV 

y'lamide 
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The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
naphthalene-2-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl chloride. 
The title compound is obtained as a white solid. 
5 1 H NMR (CDCI,, 300 MHz) 8 8.47 (s, 1 H), 7.92 (m, 4H), 7.61 (m, 3H), 7.42 (m, 
3H), 5.45 (bs, 1H), 4.42 (AB, 2H), 3.78 (m, 1H), 3.18 (m, 2H), 2.57 (m, 1H), 2.08 
(m,1H). 

B. 2-r(1-f3-Cvano benzvn-2-oxoDvrrolidin-3-fS)-vl)naDhthalene-2- 
10 sulfonvlaminol-N-acetic acid t-butvl ester. 

The title compound is prepared as in EXAMPLE 26, Part A substituting 
naphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
for 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin- 
3-(S)-yl]amide. The title compound is obtained as a white solid. 
1 5 1 H NMR (CDCI 3 , 300 MHz) 8 8.52 (s, 1 H), 7.92 (m, 3H), 7.81 (d, 1 H), 7.61 (m, 
3H), 7.42 (m, 3H), 4.61 (t, 1H), 4.42 (AB, 2H), 4.12 (m, 1H), 3.78 (m, 1H), 3.21 
(m, 2H), 2.60 (m, 1H), 2.41 (m, 1H), 1.42 (s, 9H). 

C. 2-r{1-(3-Cvanobenzvn-2-oxopvrr olidin-3-fSVvl}naDhthalene-2- 
sulfonvlaminol-N-aretin arid. 

The title compound is prepared as in EXAMPLE 26, Part B using 2-[{1-(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}naphthalene-2-sulfonylamino]-N-acetic 
acid tert-butyl ester as the starting material. The title compound is obtained as 
a white foam. 

1 H NMR (CDCIg, 300 MHz) 8 8.49 (s, 1H), 7.96 (m, 2H), 7.62 (m, 3H), 7.49 (m, 
3H), 7.20 (m, 2H), 5.61 (bs, 1H), 4.78 (t, 1H), 4.50 (AB, 2H), 3.90 (AB, 2H), 3.29 
(m, 2H), 2.41 (m, 1H), 2.1 1 (m, 1H). 

D. 2-R 1 -f3-Cvanobenzvn-2-oxoDvr rolidin-3-f SVvl)naphthalene-2- 
sulfonvlaminol-N- phenethvlacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}naphthalene-2- 
sulfonylamino]-N-acetic acid for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl}-6-methoxynaphthalene-2-sulfonylamino]-N-acetic acid. The title compound 
is obtained as a white foam. 
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1 H NMR (CDCIg, 300 MHz) 8 8.48 (s, 1H), 7.93 (m, 4H), 7.58 (m, 6H), 7.16 (m, 
5H), 5.61 (bs, 1H), 4.58 (m, 1H), 4.40 (m, 2H), 3.80 (AB, 2H), 3.27 (m, 4H), 2.63 
(m, 2H), 2.21 (m, 2H). 

5 E. 2-rf1-r3-fAminolmino methyl)benzvn-2-oxopyrrolidin-3-fSVyl}naphth a lene-2- 
sulfonvlaminol-N-phenethvlaceta mide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}naphthalene-2-sulfonylamino]-N- 
phenethylacetamide as the starting material. The crude product is purified by 
1 0 RP-HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0.1 % TFA) to 60% 

CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (DMSO-d 6) 300 MHz) 8 9.31 (bs, 2H), 9.23 (bs, 2H), 8.52 (s, 1H), 8.05 
(m, 5H), 7.59 (m, 6H), 7.20 (m, 4H), 7.38 (m, 2H), 4.85 (t, 1H), 4.42 (AB, 4H), 
15 3.70 (m, 3H), 3.18 (m, 4H), 2.59 (m, 2H), 2.05 (m, 2H). FAB MS, [M+H] + =584. 
Elemental analysis calculated with 1.75 mole of H 2 0 cal. C=56.00% : H=5.18%, 
N=9.60%, found C=56.15%, H=4.84%, N=9.27%. 

EXAMPLE 69 

20 2-ri1-r3-fAminoiminnmftth vnbenzvl1-2-oxopvrrolidin-3-(SVvl^biphenyl-4- 
Sulfonvlaminol-N-Dhenethvlacet amide trifluoroanfttate 

A. Biphenvl-2-sulfonic acid [1- f3-cvanobfinzvn-2-oxopvrrolidin-3-rS)-yl]amide 
The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 

25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
biphenyl-4-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl chloride. 
The title compound is obtained as a white foam. 

1 H NMR (CDCIg, 300 MHz) 8 7.96 (m, 2H), 7.76 (m, 3H), 7.61 (m, 4H), 7.49 (m, 
5H), 5.35 (bs, 1H), 4.45 (AB, 2H), 3.79 (m, 1H), 3.22 (m, 2H), 2.60 (m, 1H), 2.10 
30 (m, 1H). 

B. 2-r{1-(3-Cvanobenzvl)-2-oxopvrrQlidin-3- rSVyl}biphenvl-4-sulfonyiaminn]- 
N -acetic acid t-butyl ester. 

The title compound is prepared as in EXAMPLE 26, Part A substituting 
35 biphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide for 
6-methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide. The title compound is obtained as a white foam. 
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1 H NMR (CDCI 3( 300 MHz) 8 8.06 (m, 2H), 7.66 (m, 2H), 7.52 (m, 4H), 7.31 (m, 
5H), 4.45 (m, 3H), 4.08 (AB, 1H), 3.79 (AB, 1H), 3.18 (m, 2H), 2.52 (m, 1H), 2.31 
(m, 1H), 1.41 (s, 9H). 

5 C. 2-f{1-f3-Cvanoben zvn-2-oxopyrrolidin-3-rSVyl}biphenvl-4-sulfonylamino]- 
N-acetic acid. 

The title compound is prepared as in EXAMPLE 26, Part B using 2-[{1-(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}biphenyl-4-sulfonylamino]-N- acetic acid 
t-butyl ester as the starting material. The title compound is obtained as a white 
10 foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.92 (m, 2H), 7.74 (m, 3H), 7.52 (m, 8H), 7.21 (m, 
1H), 4.61 (t, 1H), 4.52 (AB, 2H), 3.91 (AB, 2H), 3.30 (m, 2H), 2.48 (m, 1H), 2.09 
(m, 1H). 

15 D. 2-r(1-r3-CvanobQnzy n-2-oxopyrrolidin-3-fS)-yl}biphenyl-4-sulfonylamino]- 
N-phenethylacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-biphenyl-4- 
sulfonylamino]-N-acetic acid for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl}-6-methoxynaphthalene-2-sulfonylamino]-N-acetic acid. The title compound 
is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.94 (m, 3H), 7.71 (m, 3H), 7.50 (m, 7H), 7.20 (m, 
5H), 4.61 (m, 1H), 4.44 (m, 3H), 3.78 (AB, 2H), 3.30 (m, 3H), 2.71 (m, 3H), 2.24 
(m, 2H). 

25 

E. 2-ff 1 -\3-( Am inoim inomethynbenzyll-2-Qxopyrrolidin-3-(S)-vl)biphenyl-4- 
sulfonvlaminol-N-phenethvlacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}biphenyl-4-sulfonylamino]-N- 
30 phenethylacetamide as the starting material. The crude product is purified by 
RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (CD 3 OD, 300 MHz) 8 8.51 (m, 1H), 8.00 (m, 2H), 7.82 (m, 2H), 7.68 (m, 
35 5H), 7.45 (m, 3H), 7.19 (m, 5H), 4.68 (m, 2H), 4.39 (m, 1H), 3.82 (AB, 2H), 2.70 
(m, 3H), 2.32 (m, 1H), 2.15 (m, 1H). FAB MS, [M+H] + =610. 
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EXAMPLE 70 

2- r{1-r3-(Aminoiminomethvnbenzvn-2-oxopvrrolidin-3-(S)-vl}-7- 
methoxynaphthalene-2-sulfonvlaminol-N-Dhenethvlacetamide trifluoroacetate. 

5 A. 2-r{1-(3-Cvanobenzvl)-2-oxoDvrrolidin-3-fSVvl>-7-methoxvnaphthalene-2- 
sulfonylaminol-N-acetic acid t-butyl ester. 

The title compound is prepared as described in EXAMPLE 26, Part A 
substituting 7-methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yI]amide, prepared as described in EXAMPLE 43, part A, 
10 for 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyno!idin- 

3- (S)-yl]amide. The title compound is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 2H), 7.81 (m, 3H), 7.50 (m, 1H), 7.44 (m, 
3H), 7.22 (m, 2H), 4.61 (t, 1H), 4.42 (AB, 2H), 3.90 (s, 3H), 3.74 (AB, 1H), 3.20 
(m, 2H), 2.58 (m, 1H), 2.41 (m, 1H), 1.42 (s, 9H). 

15 

B. 2-rf1-(3-Cvanobenzvn-2-ox oDvrrolidin-3-fSVvl)-7-methoxvnaphthalene-2- 
sulfonvlaminol-N- acetic acid. 

The title compound is prepared as described in EXAMPLE 26, Part B using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
20 sulfonylamino]-N-acetic acid t-butyl ester as the starting material. The title 
compound is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 9.45 (bs, 1H), 8.41 (s, 2H), 7.91 (d, 1H), 7.P0 (d, 
1H), 7.71 (m, 1H), 7.62 (m, 1H), 7.59 (m, 3H), 7.20 (m, 1H), 4.81 (t, 1H). 4,150 
(AB, 2H), 3.90 (s, 3H), 3.89 (AB, 2H), 3.28 (m, 2H), 2.41 (m, 1H), 2.16 (m, 1H). 

25 

C. 2-r{1-(3-Cvanobenzvl)-2-oxopvrrolidin-3-fSVvl)-7-methoxvnaDhthalene-2- 
sulfonvlamino)-N-phenethvlacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
30 methoxynaphthalene-2-sulfonylamino]-N-acetic acid for 2-[{1-(3-cyanobenzyl)- 
2-oxopyrrolidin-3-(S)-yl}-6-methoxynaphthalene-2-sulfonylamino]-N-acetic 
acid. The title compound is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.35 (m, 1H), 8.14 (m, 2H), 7.82 (m, 4H), 7.53 (m, 
5H), 7.21 (m, 4H), 5.71 (bs, 1H), 4.58 (AB, 1H), 4.42 (m, 2H), 3.91 (s, 3H), 3.80 
35 (AB, 2H), 3.31 (m, 4H), 2.69 (m, 2H), 2.29 (m, 1 H), 2.14 (m, 1 H). 



WO 96/40679 



120 



PCT/US96/09816 



D. 2-r(1-r3-(Aminoiminomethvnbenzvn-2-oxop vrroiidin-3-(S)-yl}-6- 
methoxvnaphthalene-2-sulfonvlaminol-N-Dhenethvlacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 
2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
5 sulfonylamino]-N-phenethylacetamide as the starting material. The crude 

product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6I 300 MHz) 8 9.31 (bs, 2H), 9.10 (bs, 2H), 8.43 (s, 1H), 8.22 
0 (m, 1 H), 8.02 (m, 2H), 7.74 (m, 2H), 7.58 (m, 2H), 7.21 (m, 5H), 4.80 (t, 1 H), 4.44 
(AB, 2H), 3.85 (s, 3H), 3.84 (m, 1H), 3.58 (m, 1H), 3.21 (m, 2H), 2.64 (m, 2H), 
2.15 (m, 1H), 1.99 (m, 1H). FAB MS, [M+H] + =614. Elemental analysis 
calculated with 2.50 mole of H 2 0 cal. C=54.40%, H=5.35%, N=9.06%, found 
C=56.2.6%, H=4.87%, N=8.69%. 

EXAMPLE 71 

2-f{1-r3-(Aminoiminomethvnbenzvn-2-oxoDvrrolid in-3-(SVvl}-7- 
methoxvnaDhthalene-2-sulfonvlaminol-N-ethvlace tamide trifluoroacetate. 

A. 2-[{1-(3-Cvanobenzvn-2-oxoDvrrolidin-3-(SVyl}-7-methoxynaphthalene-2- 
sulfonvlamino]-N-ethylacetannide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yi}-6- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and ethyl amine 
hydrochloride for phenethyl amine. The title compound is obtained as a white 
foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.39 (s, 1H), 7.91 (m, 1H), 7.81 (m, 2H), 7.55 (m, 
3H), 7.29 (m, 4H), 5.71 (bs, 1H), 4.50 (m, 3H), 3.93 (s, 3H), 3.80 (AB, 2H), 3.21 
(m, 4H), 2.31 (m, 2H), 0.90 (m, 3H). 

B. 2-rf1-r3-fAminoiminomethynbenzvl1-2-oxo pvrrolidin-3-rSVyl}-7- 
methoxvnaphthalene-2-sulfonvlami nol-N-ethylacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-ethylacetamide as the starting material. The crude product is 
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purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6> 300 MHz) -8 9.26 (bs, 2H), 9.00 (bs, 2H), 8.42 (s, 1H), 8.11 
5 (m, 1 H), 8.01 (m, 2H), 7.78 (m, 1 H), 7.68 (m, 1 H), 7.52 (m, 3H), 7.33 (m, 1 H), 
4.80 (t, 1H), 4.44 (AB, 2H), 3.89 (s, 3H), 3.71 (AB, 2H), 3.19 (m, 2H), 3.02 (m, 
2H), 2.09 (m, 2H), 0.90 (m, 3H). FAB MS, [M+H] + =538. Elemental analysis 
calculated with 2.25 mole of H 2 0 cal. C=50.32%, H=5.31%, N=10.12%, found 
C=50.21%, H=4.59%, N=9.60%. 

10 

EXAMPLE 72 

2-rf1-r3-rAminoim inomethyl^benzvn-2-oxoDvrrolidin-3-rSVyl}-7- 
methoxynaphthalene-2-sulfonvlaminol-N.N-dimethvlacetamide trifluoroacetate. 

15 A. 2-f(1-(3-Cvanobenzvn-2-oxopvrrolidin-3-fSVvl)-7-methoxvnaDhthalena-P. 
sulfonvlaminol- N.N-dimethylacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
20 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and dimethyl amine 
hydrochloride for phenethyl amine. The title compound is obtained as a white 
foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.49 (s, 1H), 7.88 (m, 1H), 7.78 (m, 1H), 7.45 (m, 
25 5H), 7.30 (m, 3H), 4.60 (m, 2H), 4.32 (m, 1 H), 4.20 (m, 2H), 3.92 (s, 3H), 3.15 
(m, 2H), 3.00 (s, 3H), 2.91 (s, 3H), 2.28 (m, 2H). 

B. 2-f{ 1 -f3-(Aml noiminomathvnbenzyl]-2-oxopyrrolldin-3-fS^yl}-7- 
methoxvnaDhthalene-2-sulf onvlamino]-N.N-dimethvlacetamide trifluoroacetate. 

30 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N,N-dimethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/ H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

35 lyophilized to provide the title compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.22 (bs, 2H), 9.02 (bs, 2H), 8.43 (s, 1H), 7.92 
(m, 2H), 7.78 (d, 1H), 7.65 (m, 1H), 7.51 (m, 4H), 7.32 (m, 1H), 7.33 (m, 1H), 
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4.71 (t, 1H), 4.38 (m, 3H), 3.91 (m, 1H), 3.90 (s, 3H), 3.12 (m, 2H), 2.98 (s, 3H), 
2.78 (s, 3H), 2.18 (m,2H). FAB MS, [M+H] + =538. Elemental analysis 
calculated with 2.25 mole of H 2 0 cal. C=50.32%, H=5.2%, N=10.12%, found 
C=50.38%, H=4.66%, N=9.65%. 

5 

EXAMPLE 73 

2- [{1-f3-(Aminoiminomethyl)ben2yl1-2-oxopyrrolidin-3-rSVyl}-7- 
methoxynaphthalene-2-sulfonvlaminol-N-benzvlacetamide trifluoroacetate. 

10 A. 2-n 1 -(3 -Cvanoben2vl)-2-oxopvrrolidin-3-(S)-vl)-7-methoxvnaDhthalene-2- 
sulfonylami nol N-benzvlacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

15 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and benzyl amine for 
phenethyl amine. The title compound is obtained as a white foam. 
1 H NMR (CDCIg, 300 MHz) 5 8.42 (m, 2H), 7.79 (m, 4H), 7.60 (m, 4H), 7.21 (m, 
5H), 5.53 (bs, 1H), 4.53 (m, 2H), 4.32 (m, 2H), 3.91 (s, 3H), 3.87 (m, 2H), 3.26 

20 (m, 2H), 2.32 (m, 1H), 2.16 (m, 1H). 

B. 2-r(1-r3-(Aminoiminomethynbenzyl]-2- oxoDvrrolidin-3-rS^-vl}-7- 
methoxvnaphthal ene-2-sulfonylamino]- N-benzyiacetamide trifluoroacatate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 

25 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]-N-benzylacetamide as the starting material. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.27 (bs, 2H), 9.10 (bs, 2H), 8.63 (m, 1H), 8.43 
(s, 1H), 7.96 (m, 2H), 7.73 (m, 2H), 7.58 (m, 4H), 7.32 (m, 1H), 7.24 (m, 4H), 
4.83 (t, 1H), 4.52 (AB, 2H), 4.30 (m, 2H), 3.89 (s, 3H), 3.85 (AB, 2H), 3.17 (m, 
2H), 2.10 (m, 2H). FAB MS, [M+H] + =600. Elemental analysis calculated with 
2.25 mole of H 2 0 cal. C=54.14%, H=5.15%, N=9.29%, found C=54.29%, 

35 H=4.73%, N=9.01%. 



EXAMPLE 74 
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2-f(1-r3-fAminoiminomethyl ^benzvl]-P-n X oDvrrQlidin-q-r.g ).yl}.7- 

methoxvnaDhthalene-2-siilfr)nvlaminn1-N -f2-D-tQluylathynacetami^ P 
trifluoroacetatfi. 

5 A- 2-r{1-f3-Cvanob9nzvn-g-oxopvrrolirii n -3-rs^-vlV7-methoxvnaphthaiflno-9. 
sulfonvlaminol N-te-p-tnliiyl ethynacatamlrta 
The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{l-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

1 0 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 2-p-toluylethyl amine 
for phenethyl amine. The title compound is obtained as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.40 (s, 1H), 7.81 (m, 3H), 7.56 (m, 4H), 7.28 (m, 
2H), 7.01 (m, 5H), 4.50 (AB, 1H), 4.41 (m, 3H), 3.91 (s, 3H), 3.76 (AB, 2H), 3.28 

15 (m, 4H), 2.60 (m, 2H), 2.30 (m, 1H), 2.29 (s, 3H), 2.18 (m, 1H). 

B. 2-rn-r3-(AminoiminQmethy nben2vH-2-nxoDvrrolidin-3-rSVvl}-7- 

methoxvnaphthalane-2-sulfonylami no1-f2-p-tQliiylethvnacetamirifl 
trifluoroacetate 

20 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-p-toluylethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

25 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.34 (bs, 2H), 9.28 (bs, 2H), 8.42 (m, 1H), 8.21 
(m, 1H), 8.05 (m, 1H), 7.95 (m, 1H), 7.77 (m, 1H), 7.68 (m, 1H), 7.57 (m, 1H), 
7.31 (m, 1H), 7.05 (m, 4H), 4.79 (t, 1H), 4.50 (AB, 2H), 3.89 (s, 3H), 3.73 (AB, 
2H), 3.14 (m, 4H), 2.55 (m, 2H), 2.21 (s, 3H), 2.03 (m, 2H). FAB MS, 

30 [M+H] + =628. 

EXAMPLE 75 

2-rf1-r3-(Aminoiminom6thyhbe nzvn-2-oxopvrrolidin-3-(S^-yl}-7- 

methoxvnaphthalene-2-sulfonvlamino1-N-r3 -phenvlprQpvnacetamide 
35 trifluoroacetate. 
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A. 2-R1-(3-Cvanoben2vh-2-oxQpyrr olidin-3-rS^-y|)-7-methoyvnaDhthalanft-P- 
sulfonvlaminol N-r3-pha nvl-propvnanfltamirift 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 3-phenyl-propyl 
amine for phenethyl amine. The title compound is obtained as a white foam. 
1 H NMR (CDCIg, 300 MHz) 5 8.36 (s, 1H), 7.93 (m, 1H), 7.80 (m, 3H), 7.50 (m, 
3H), 7.21 (m, 5H), 7.08 (m, 2H), 4.55 (AB, 2H), 4.41 (m, 2H), 3.92 (s, 3H), 3.82 
(AB, 2H), 3.33 (m, 1H), 3.25 (m, 1H), 3.09 (m, 2H), 2.48 (m, 2H), 2.39 (m, 1H), 
2.29 (m, 1H),1.56(m,2H). 

B. 2-r(1-r3-fAminoimino methvnbenzvn-2-oxopvrrolidin-3-fSVyl}-7- 
methoxvnaphthalene-2-sulfonvlamino l-( 3-phenvl-propvnacetamide 
trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-3-phenylpropylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.05 (bs, 2H), 8.42 (s, 1H), 8.18 
(m, 1H), 8.01 (d, 1H), 7.92 (d, 1H), 7.75 (d, 1H), 7.68 (m, 1H), 7.58 (m, 4H), 7.33 
(dd, 1H), 7.23 (m, 2H), 7.15 (m, 2H), 4.85 (t, 1H), 4.43 (AB, 2H), 3.85 (s, 3H), 
3.73 (AB, 2H), 3.13 (m, 2H), 3.00 (m, 2H), 2.53 (m, 2H), 2.10 (m, 2H), 1.60 (m, 
2H). FAB MS, [M+H] + =628. Elemental analysis calculated with 2.25 mole of 
H 2 0 cal. C=55.27%, H=5.48%, N=8.98%, found C=55.27%, H=4.87%, 
N=8.64%. 

EXAMPLE 76 

2-r(1-r3-(Aminoiminomethvhbenzvl1-2- oxopvrrolidin-3-(SVyl}-7. 

methoxvnaphthalene-2 -sulfonylamino|-N-(4-methvlbenzvnacetamide 

trifluorpacetate. 



A. 2-r(1-(3-Cvanobenzvn-2-oxopvrrolid in-3-fS)-vl}-7-methoxvnaphthalene-2- 
sulfonvlamino1-N-(4-met hvlbenzvnacetamide. 
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The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N-acetic acid and. 4-methylbenzyl 
amine for phenethyl amine. The title compound is obtained as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.35 (s, 1H), 8.15 (m, 1H), 7.76 (m, 2H), 7.51 (m, 
5H), 7.29 (m, 3H), 6.98 (m, 2H), 4.52 (m, 3H), 4.26 (m, 2H), 3.92 (s, 3H), 3.82 
(AB, 2H), 3.21 (m, 2H), 2.28 (m, 2H), 2.27 (s, 3H). 

10 

B. 2-[{1-[3-(Aminoiminomethynbenzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino1-f4-methylbenzynacetamide 

trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
1 5 [{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]-N-4-methylbenzylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
20 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.24 (bs, 2H), 9.1 0 (bs, 2H), 8.58 (m, 1 H), 8.42 
(s, 1H), 7.95 (m, 2H), 7.72 (m, 2H), 7.51 (m, 3H), 7.33 (dd, 1H), 7.05 (m, 4H), 
4.73 (t, 1 H), 4.40 (AB, 2H), 4.19 (m, 2H), 3.88 (s, 3H), 3.81 (AB, 2H), 3.14 (m, 
2H), 2.24 (s, 3H), 2.06 (m, 2H). FAB MS, [M+H] + =614. 

25 EXAMPLE 77 

2- [{1-[3-(Aminoiminomethyl)benzyn-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-[2-(3-fluorophenyl)ethyl]acetamide 

trifluoroacetate- 

30 A. 2-[{1-(3-Cyanobenzyn-2-oxopyrrolidin-3-(S^-vl}-7-methoxvnaphthalene-2- 
sulfonylaminol N-f2-(3-fluorophenynethyl1acetamide. 
The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

35 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 2-(3-fluorophenyl)- 
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ethylamine for phenethylamine. The title compound is obtained as a white 
foam. 

1 H NMR (CDCI3, 300 MHz) 6 8.38 (S, 1H), 7.98 (m, 1H), 7.89 (m, 1H), 7.78 (m, 
1H), 7.54 (m, 3H), 7.25 (m, 4H), 6.87 (m, 3H), 4.62 (AB, 1H), 4.38 (m, 3H), 3.94 
5 (S, 3H), 3.75 (AB, 2H), 3.31 (m, 4H), 2.68 (m, 2H), 2.31 (m, 1 H), 2.1 7 (m, 1 H). 

B. 2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxvnaDhthalene-2-sulfonvlamino1-N-f2-(3-fluorophenyhethvllacetamide 

trifluoroacetate. 

10 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-(3-fluorophenyl)ethylacetamide as the starting material. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 

1 5 product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (bs, 2H), 8.42 (s, 1H), 8.21 
(m, 1H), 7.99 (m, 2H), 7.72 (m, 2H), 7.56 (m, 3H), 7.30 (m, 2H), 7.02 (m, 3H), 
4.81 (t, 1 H), 4.44 (AB, 2H), 3.99 (m, 1 H), 3.95 (s, 3H), 3.60 (AB, 1 H), 3.28(m, 
2H), 3.13 (m, 2H), 2.72 (m, 2H), 2.04 (m, 2H). FAB MS, [M+H] + =632. Elemental 

20 analysis cal. C=51.69%, H=4.22%, N=8.13%, found C=52.19%, H=4.52%, 
N=8.36%. 

EXAMPLE 78 

2- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
25 methoxynaphthalene-2-s ulfonylamino1-N-indan-2-ylacetamide trifluoroacetate. 

A 2-r{1-f3-Cyanobenzyh-2-oxopvrrolidin-3-(S)-vl)-7-methoxvnaDhthalene-2- 
sulfonylamino-N-indan-2-ylacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
30 substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 2-aminoindane for 
phenethylamine. The title compound is obtained as a white foam. 
35 1 H NMR (CDCI3, 300 MHz) 8 8.35 (s, 1H), 8.14 (m, 1H), 7.75 (m, 3H), 7.54 (m, 
4H), 7.21 (m, 5H), 4.66 (AB, 1H), 4.42 (m, 3H), 3.92 (s, 3H), 3.83 (AB, 2H), 3.35 
(m, 1H), 3.18 (m, 1H), 2.94 (m, 1H), 2.75 (m, 1H) , 2.37 (m, 3H). 
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B. 2-[{1-[3-fAminoiminQmethvhben2vn-2-oxopvrrolidin-3-rSVvl}-7- 
methoxvnaphth alene-2-sulfonvlamino1-N-indan-2-vlacetamidfi trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
5 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-(3-fluorophenyl)ethylacetamide as the starting material. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 

10 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.28 (bs, 2H), 9.190 (bs, 2H), 8.40 (m, 2H), 
7.95 (m, 2H), 7.70 (m, 2H), 7.54 (m, 3H), 7.33 (dd, 1H), 7.11 (m, 4H), 5.08 (t, 
1H), 4.44 (AB, 2H), 4.36 (m, 1H), 3.91 (m, 2H), 3.87 (s, 3H), 3.19(m, 2H), 3.08 
(m, 2H), 2.62 (m, 2H), 2.10 (m, 2H). FAB MS, [M+H] + =626. Elemental analysis 
calculated with 1 mole of H 2 0 cal. C=52.35%, H=4.51%, N=8.03%, found 

15 C=52.40%, H=4.81%, N=8.19%. 

EXAMPLE 79 

2-f(1-f3-(Aminoiminom ethvnbenzyn-2-oxopyrrQlidin-3-rSVvl}-7- 
methoxvnaphthalene-2-sulfon ylaminol-N-f2-Dvridin-3-yl-ethvnacetamide 
20 bistrifluoroacetate. 

A. 2-r(1-(3-Cyano benzyn-2-oxopvrrolidin-3-fS)-yl}-7-methoxynaphthalene-2- 
sulfonvlamino)-N-(2-pyridin-3- yl-ethynacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
25 substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 3-(2-ethylamino)- 
pyridine for phenethyl amine. The title compound is obtained as a white foam. 
30 1 H NMR (CDCI 3 , 300 MHz) 5 8.40 (m, 3H), 7.90 (m, 1 H), 7.76 (m, 2H), 7.52 (m, 
3H), 7.25 (m, 4H), 4.59 (AB, 1H), 4.41 (m, 2H), 3.95 (s, 3H), 3.75 (AB, 2H), 3.30 
(m, 4H), 2.68 (m, 2H), 2.21 (m, 2H). 

B. 2-f(1-[3-fAminoiminomethvnbenzvl]-2-oxopvrrolidin -3-rSVyl}-7- 

35 methoxvnaphthalene-2-sulfonylami no]-N-(2-pyridin-3-yl-ethvnacetamide 
bistrifluoroacetate. 
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The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-(3-fluorophenyl)ethylacetamide as the starting material. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.40 (be, 2H), 9.30 (bs, 2H), 9.13 (bs, 1H), 8.39 
(s, 1H), 8.27 (m, 2H), 7.95 (m, 2H), 7.69 (m, 2H), 7.54 (m, 5H), 7.30 (dd, 1H), 
4.80 (t, 1H), 4.40 (AB, 2H), 3.87 (s, 4H), 3.73 (AB, 2H), 3.40 (m, 2H), 3.12 (m, 
2H), 2.88 (m, 2H), 2.46 (m, 2H), 1.99 (m, 2H). FAB MS, [M+H] + =615. Elemental 
analysis calculated with 3 mole of H 2 0 cal. C=48.21%, H=4.72%, N=9.37%, 
found C=48.28%, H=4.23%, N=8.82%. 

EXAMPLE 80 

4,5-DichlorothioDhene-2-sulfonic ani d (1-r3-(aminoiminomfithynbenzyl1-p.r>yn- 
3(S)-Pvrrolidin-3-vllamirtfi t rifluoroanatatft 

A. 4,5-DichlorothiQDhene-2-sulfnnin acid ri-f3-ny a nobanzyn-g.oxopyrrolidin.3- 
(S)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 4,5- 
dichlorothiophene-2-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl 
chloride. The crude product is purified by column chromatography eluting with 
gradient of 1 0% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to afford the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.52 (m, 1H), 7.42 (m, 4H), 5.78 (bs, 1H), 4.50 (AB, 
2H), 3.91 (dd, 1H), 3.24 (dd, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

B. 4,5-Dichlorothiophene-2-sulfoni c acid (1-[3-faminoiminomethvnbenzyl]-P- 
oxo-3(S^-pyrrolidin-3-yl }amide trifluoroacetate 

4,5-Dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 
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1 H NMR (DMSO-d e , 300 MHz) 5 9.26 (bs, 2H), 9.05 (bs, 2H), 8.78 (s, 1H), 8.72 
(s, 1H), 7.62 (m, 1H), 7.51 (m, 3H), 4.38 (AB, 2H), 4.19 (dd, 1H), 3.08 (m, 2H), 
2.20 (m, 1H), 1.71 (m, 2H). FAB MS, [M+H] + =447. Elemental analysis 
calculated with 0.50 mole of H 2 0 cal. C=37.90%, H=3.18%, N=9.82%, found 
5 C=37.84%, H=3.20%, N=9.69%. 

EXAMPLE 81 

4.5-Dichlorothiophene -2-sulfonic acid (1-r3-faminoiminomethvnbenzvl1-2-oxo- 
3(S)-Dvrrolidin-3-vl)methvlamide trifluoroacetate. 

10 

A. 4.5-Dichlorothiophene-2-sulfonic acid ri-(3-cyanobenzvn-2-6xoDvrrolidin-3- 
(S)-yllmethylamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 4,5- 
dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
1 5 yi]amide, prepared as described in EXAMPLE 80, part A, and methyl iodide. 
The crude product is purified by column chromatography eluting with gradient 
of 15% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title compound as a 
white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.58 (m, 2H), 7.40 (m, 3H), 4.82 (t, 1H), 4.41 (AB, 
20 2H), 3.21 (m, 2H), 2.82 (s, 3H), 2.38 (m, 1 H), 2.04 (m, 1 H). 

B. 4.5-DichlorothioDhene-2-sulfonic acid (1-r3-(aminoiminomethvnbenzvr|-2- 
oxo-3fSVpvrrolidin-3-vl)methvlamide trifluoroacetate. 
4,5-Dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 

25 (S)-yl]methylamide is converted to the title compound as described in 

EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.1 5 (bs, 2H), 7.90 (s, 1 H), 7.62 
(m, 1H), 7.51 (m, 3H), 4.85 (t, 1H), 4.41 (AB, 1H), 3.18 (m, 2H), 2.77 (s, 3H), 
2.15 (m, 1H), 1.96 (m, 1H). FAB MS, [M+H] + =461. Elemental analysis 
calculated with 1.25 mole of H 2 0 cal. C=38.17%, H=3.62%, N=9.37%, found 
C=38.18%, H=3.19%, N=9.06%. 

35 

EXAMPLE 82 
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4.5-Dichlorothiophene-2-sulfonic acid ( 1 -[3-(aminoiminomethynbenzyl]-2-oxo- 
3fSVpvrrolidin-3-vl}benzylamide trifluoroacetate. 

A. 4.5-DichlorothiQDhene-2-sulfonic acid [1 -(3-cvanobenzyn-2-oxopyrrolidin-3- 
5 ( $ )- yl]-benzylamidg . 

The title compound is prepared as described in EXAMPLE 25, Part A using 4,5- 
dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide, prepared as described in EXAMPLE 80, part A, and methyl iodide. 
The crude product is purified by column chromatography eluting with gradient 
1 0 of 20% EtOAc/hexanes to 40% EtOAc/hexanes to afford the title compound as 
a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.61 (m, 2H), 7.49 (m, 3H), 7.35 (m, 5H), 4.54 (m, 
3H), 4.32 (AB, 2H), 3.03 (m, 2H), 2.18 (m, 1H), 1.88 (m, 1H). 

15 B. 4.5-Dichlorothiophene-2-sulfonic acid {1-[3-(aminoiminomethvNbenzvl]-2- 
oxo-3(SVpyrrolidin-3-yl}benzylamide trifluoroacetate. 
4,5-Dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-benzylamide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 

20 gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.03 (bs, 2H), 7.94 (s, 1H), 7.63 
(m, 4H), 7.30 (m, 5H), 4.81 (t, 1H), 4.40 (AB, 1H), 4.20 (AB, 2H), 3.10 (m, 2H), 
25 2.99 (m, 1H), 2.12 (m, 1H), 1.69 (m, 1H). FAB MS, [M+H] + =539. Elemental 

analysis calculated with 1.75 mole of H 2 0 cal. C=43.96%, H=3.91%, N=8.20%, 
found C=44.11%, H=3.49%, N=7.96%. 

EXAMPLE 83 

30 7-Methoxy-2-napthalenesulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)- pyrrolidin-3-yl}-2-cyclopro pylphenethylamide trifluoroacetate- 

A. 2-cvclopropvlphenethyl bromide. 

To a solution of 1 -phenyl- 1 -cyclopropane methanol (1 g, 6.8 mmol) in 35 mL of 
35 THF is added triphenylphosphine (1.7 g, 7.1 mmol) and carbon tetrabromide 
(2.34 g, 7.1 mmol). The solution is stirred at ambient temperatures for 5 hours. 
After this time, the solution is diluted with 100 mL of Et 2 0. The reaction mixture 
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is filtered and the collected solution is concentrated. The crude product is 
purified by column chromatography eluting with hexane to afford the title 
compound (1 g, 4.4 mmol) as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.36 (m, 3H), 7.25 (m, 1H), 3.62 (s, 2H), 1.12 (m, 
5 2H), 1.00 (m, 2H). 

B. 7-Methoxy-2-napthalenesulfonic acid M-(3-cvanobenzvn- 2 -oxopvrrolidin-3- 
(SWI1 )-2-cvclo propvlphenethylamide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 7- 
10 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide, prepared as described in EXAMPLE 43, part A, and 2- 
cydopropylphenethyl bromide. The crude product is purified by column 
chromatography eluting with gradient of 20% EtOAc/hexanes to 40% 
EtOAc/hexanes to afford the title compound as a white foam. 
15 1 H NMR (CDCI3, 300 MHz) 8 8.29 (s, 1H), 7.72 (m, 3H), 7.52 (m, 3H), 7.46 (m, 
1H), 7.28 (m, 1H), 7.17 (m, 1H), 7.05 (m, 1H), 4.55 (AB, 1H), 4.32 (m, 2H), 3.95 
(s, 3H), 3.50 (AB, 2H), 3.14 (m, 1H), 3.05 (m, 1H), 2.08 (m, 2H), 0.78 (m, 4H). 

C. 7-Methoxv-2-napthalenesiilfonic acid {1-r3-faminr>iminomethvhbenzyl]-2- 
20 oxo-3fSVpy rrolidin-3-yl}}(2-fluorobenzvnamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]}(2-fluorobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.08 (bs, 2H), 8.26 (s, 1H), 7.78 
(m, 2H), 7.62 (m, 1H), 7.53 (m, 4H), 7.44 (m, 1H), 7.30 (dd, 1H), 7.17 (m, 2H), 
7.05 (m, 3H), 4.58 (t, 1H), 4.33 (AB, 2H), 3.90 (s, 3H), 3.78 (m, 1H), 3.42 (m, 
30 1H), 3.08 (m, 2H), 1.95 (m, 1H), 1.78 (m, 1H), 0.88 (m, 1H), 0.71 (m, 3H). FAB 
MS, [M+H] + =583. Elemental analysis calculated with 0. 5 mole of excess TFA 
and 0.5 mmol of H 2 0 cal. C=56.69%, H=4.82%, N=7.35%, found C=56.83%, 
H=4.94%, N=7.46%. 

35 EXAMPLE 84 

3'-Methvl-biphenyl-4-sulfonic a cid {1-f3-faminoiminomethvnbenzyll-2- 
oxopvrrolidin-3(SVvl) amide triflu oroacetate. 
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A. 4-f3-MethvlphenylVbromobenzene. 

The title compound is prepared as described in EXAMPLE 53, Part A 
substituting 3-bromotoluene for 2-bromoanisole. The crude product is purified 
5 by column chromatography eluting with hexanes to afford the title compound 
as a crystalline solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.55 (m, 2H), 7.40 (m, 2H), 7.31 (m, 3H), 7.18 (m, 
1H), 2.39 (s, 3H). 

10 B. 3'-Methylbiphenyl-4-sulfonyl chloride. 

The title compound is prepared as described in EXAMPLE 53, Part B 
substituting 4-(2-methylphenyl)-bromobenzene for 4-(2-methoxyphenyl)- 
bromobenzene. The title compound is obtained as a white solid. 
El MS, [M] + =266. 

15 

C. 3'-Methylbiphenvl-4-sulfon ic acid f1-(3-cyanobenzyn-2-oxopyrrolidin-3-(SV 
vllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2'-methyl- 
20 biphenyl-4-sulfonyl chloride in place of 6-methoxynaphthalene-2-sulfonyl 

chloride. The crude product is purified by column chromatography eluting with 
a gradient of 15% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to give the title 
compound as a white foam. 

1 H NMR (CDCI3, 300 MHz) 8 7.98 (m, 2H), 7.70 (m, 2H), 7.58 (m, 1H), 7.40 (m, 
25 1H), 7.21 (m, 1H), 5.32 (bs, 1H) 4.42 (AB, 2H), 3.78 (t, 3H), 3.18 (m, 2H), 2.60 
(m, 1H), 2.41 (s, 3H), 2.09 (m, 1H). 

D. 3'-Methyl-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(SVyl} amide trifluoroacetate. 

30 3'-Methyl-biphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is converted to the title compound as described in EXAMPLE 24, Part 
C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 

35 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.27 (bs, 2H), 9.09 (bs, 2H), 8.18 (d, 1H), 7.86 
(m, 4H), 7.62 (m, 1H), 7.50 (m, 5H), 7.33 (m, 1H), 7.19 (m, 1H), 4.41 (AB, 2H), 
4.11 (m, 1H), 3.10 (m, 2H), 2.32 (s, 3H), 2.04 (m, 1H), 1.58 (m, 1H). FAB MS, 
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[M+H] + =463. Elemental analysis calculated with 2 mmol of H 2 0 cal. C=52.94%, 
H=5.10%, N=9.15%, found C=53.04%, H=4.80%, N=8.93%. 

EXAMPLE 85 

5 3- f{1-r3-fAminoiminomethyl^benzvl1-2-oxopyrrolidin-3fSV3-yl}-(7- 
methoxvnaDhthalene-2-sulfonvhaminolacetamide trifluo roacetate. 

A. 3-f{1-f3-Cvanoben2vn-2-oxoDvrrolidin-3-(S)-vl)-7-methoxvnaphthalene-2- 
sulfonylaminol- acetamide. 

10 The title compound is prepared as described in EXAMPLE 67, Part C 
substituting 3-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, for 3-[{1-(3-cyanobenzyl)- 

2- oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2-sulfonylamino]-N-propionic 
acid. The title compound (0.39 g, 0.77 mmol) is obtained as a white foam. 

15 1 H NMR (CDCI 3 , 300 MHz) 6 8.38 (s, 1 H), 7.88 (m, 2H), 7.77 (m, 2H), 7.53 (m, 
4H), 7.28 (m, 1H), 7.22 (m, 1H), 5.34 (bs, 1H), 4.61 (m, 2H), 4.46 (AB, 1H), 3.93 
(s, 3H), 3.75 (m, 2H), 3.28 (m, 2H), 2.39 (m, 1H), 2.21 (m, 1H). 

B. 3-[{1-r3-(Aminoiminomethvnbenzyl]-2-ox opyrrolidin-3fSV3-yl}-(7- 
20 methoxynaphthalene-2-sulfonyhamino]acetamide trifluoroacetate. 

3- [{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]acetamide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 

25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 8.98 (bs, 2H), 8.42 (s, 1H), 8.03 
(d, 1H), 7.97 (d, 1H), 7.78 (d, 1H), 7.65 (m, 1H), 7.55 (m, 5H), 7.31 (dd, 1H), 
7.19 (m, 1H), 4.84 (t, 1H), 4.42 (AB, 2H), 3.89 (s, 3H), 3.52 (m, 1H), 3.41 (m, 
30 2H), 3.15 (m, 1H), 2.26 (m, 1H), 2.00 (m, 1H). FAB MS, [M+H] + =510. 

EXAMPLE 86 

3-[{1-r3-fAminoiminomethvnbenzvl1-2-oxoDvrrolidin-3(SV3-vll-(7- 
methoxynaphthalene-2-sulfonvnamino1-2-methvlacetamide trifluoroacetate. 

35 

A 3-[{1-f3-Cyanob enzyn-2-oxopvrrolidin-3-fSVyl}-7-methoxynaphthalene-2- 
sulfonvlaminol-N-2-methvlacetic acid t-butvl ester. 
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The title compound is prepared as described in EXAMPLE 26, Part A 
substituting 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 43, part A, 
for 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin- 
5 3-(S)-yl]amide and a-bromo-t-butyl propionic acid for t-butyl -bromoacetate. 
The crude product is purified by column chromatography eluting with a 
gradient of 20% EtOAc/hexanes to 30% EtOAc/hexanes. The two compounds 
obtained, a higher rf spot (minor) and a lower rf spot (major), are 
enantiomerically pure and are diastereomeric at the carbon of the acetamide. 
10 The absolute stereochemistry is not determined, but each diastereomer is 
treated as below. The compounds are obtained as a white foams, 
lower rf spot (major product) 

1 H NMR (CDCIg, 300 MHz) 8 8.48 (s, 1H), 7.95 (dd, 1H), 7.86 (d, 1H), 7.78 (d, 
1H), 7.58 (m, 3H), 7.44 (d, 1H), 7.19 (m, 2H), 4.51 (AB, 2H), 4.30 (t, 1H), 4.05 
15 (m, 1 H), 3.93 (s, 3H), 3.36 (m, 1H), 3.18 (m, 1H),2.64(m, 1H), 1.33 (d,3H), 1.29 
(s, 3H). 

higher rf (minor product) 

1 H NMR (CDCI 3 , 300 MHz) 8 8.60 (s, 1 H), 8.21 (d, 1 H), 7.83 (d, 1 H), 7.79 (d, 
1H), 7.51 (m, 2H), 7.24 (m, 2H), 4.82 (AB, 1H), 4.32 (m, 2H), 4.14 (m, 1H), 3.91 
20 (s, 3H), 3.39 (m, 1H), 3.19 (m, 1H), 2.50 (m, 1H), 1.48 (s, 3H), 1.14 (s, 9H). 

B. 3-rf 1 -(3-Cvanobenzvn-2-oxoDvrrolidin-3-(SVvll-7-methoxvnaphthalene-2- 
sulfonvlaminol-N-2-methylacetic acid. 

The title compound is prepared as described in EXAMPLE 26, Part B, using 3- 
25 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]-N-2-methylacetic acid t-butyl ester as the starting material. 

major product from EXAMPLE 86, Part A 

FAB MS, [M+H] + =508. 

minor product from EXAMPLE 86, Part A 
30 FAB MS, [M+H] + =508. 

C. 3-rn-(3-CyanobenzylV2-oxopyrrolidin-3-(SVyl}-6-methoxynaph thalene-2- 
su If onylam ino]-2-methylacetam ide. 

The title compound is prepared as described in EXAMPLE 67, Part C 
35 substituting 3-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-2-methylacetic acid for 3-[{1-(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
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sulfonylamho]-N-propionic acid. The title compound is obtained as a white 
foam. 

major product from EXAMPLE 86, Part B 
FAB MS, [M+H] + =507. 
5 minor product from EXAMPLE 86, Part B 
FAB MS, [M+H] + =507. 

D. 3-r{1-r3-(Aminoiminomethyl )benzvll-2-oxoDvrrolidin-3fS)-3-vl}-r7- 
methoxvnaDhthalene-2-sulfo nvnamino1-2-methvlanfitamide trifluoroacetate. 

1 0 3-[{1 -(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-2-methylacetamide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 

15 title compound as a white solid. 

major product from EXAMPLE 86, Part C 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.90 (bs, 2H), 8.48 (s, 1H), 7.96 
(m, 3H), 7.55 (m, 5H), 7.30 (m, 1H), 7.18 (m, 1H), 7.00 (m, 1H), 4.58 (m, 2H), 
4.47 (m, 1H), 4.07 (m, 1H), 3.91 (s, 3H), 3.26 (m, 2H), 2.48 (m, 2H), 1.18 (d, 3H). 
20 FAB MS, [M+H] + =524. 

minor product from EXAMPLE 86, Part C 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.90 (bs, 2H), 8.48 (s, 1H), 8.35 
(m, 1H), 8.05 (m, 1H), 7.90 (m, 3H), 7.72 (m, 4H), 7.36 (dd, 1H), 7.20 (m, 1H), 
4.71 (AB, 1H), 4.46 (m, 2H), 4.05 (m, 1H), 3.85 (s, 3H), 3.40 (m, 2H), 2.52 (m, 
25 1 H), 2.32 (m, 1 H), 1 .21 (d, 3H). FAB MS, [M+H] + =524. 

EXAMPLE 87 

7-Methox ynaphthalene-2-sulfonic acid f 1 -r3-faminoiminomethvnbenzvl1-2-oxn- 
azetidin-3(S)-vl)amide trifluoroacetate. 

30 

A. (2-Oxoazetidin-3-(S)-vn-carbamic acid terf-butvl ester. 
To a solution of Boc-L-serine (10.3 g, 50 mmol) in 75 mL of H 2 0:t-BuOH (2:1) is 
added methoxyamine hydrochloride (23 g, 75 mmol) and 1-(3-dimethyl- 
aminopropyl)-3-ethylcarbodiimide hydrochloride (9.6 g, 50 mmol). After 
35 2 hours, the solution is saturated with NaCI. The solution is extracted with 

EtOAc. The organic layer is dried over MgS0 4 , filtered and concentrated. The 
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resulting crude material is dissolved in 50 mL of pyridine and cooled to 0°C. 
To the solution is added methane sulfonyl chloride (7.44 g, 65 mmol). After 
1 hour, the solution is poured into 100 mL of cold 1 N HCI (aq.). The solution is 
diluted with EtOAc. The layers are separated and the organic layer is washed 
5 with 1 N HCI, saturated NaHC0 3 and saturated NaCI. The organic layer is 
dried over MgS0 4 , filtered and concentrated. The resulting crude material is 
dissolved in 50 mL of acetone and added dropwise to a solution of K 2 C0 3 (20.7 
g, 150 mmol) in 900 mL of acetone at reflux. After 1 hour, the solution is cooled 
to ambient temperatures. The solution is filtered through Celite. The collected 

10 organic solution is washed with 1 N HCI, saturated NaHC0 3 and saturated 
NaCI. The organic layer is dried over MgS0 4 , filtered and concentrated. The 
resulting solid is dissolved in 20 mL of THF and added dropwise to an 
ammonia solution containing sodium (2.6 g, 1 13 mmol) at -78°C. After the blue 
color has dissipated, the solution is stirred for an additional 10 minutes. To the 

15 reaction mixture is added NH 4 CI (13.4, 250 mmol) and the solution is allowed 
to warm to ambient temperatures. The solution is filtered. The collected 
solution is concentrated. The resulting residue is recrystallized from EtOAc to 
give the title compound (2 g, 1 1 mmol) as a white solid. 
1 H NMR (d 6 -acetone, 300 MHz) 8 6.96 (bs, 1H), 6.63 (bs, 12H), 4.81 (bs, 1H), 

20 3.40 (m, 1H), 3.21 (m, 1H),1.40 (s, 9H). 

B. ri-(3-Cvanobenzyn-2-oxoa zetidin-3-(SVyllcarbamic acid ferf-butyl ester. 
The title compound is prepared as described in EXAMPLE 23, Part B 
substituting (2-oxoazetidin-3-(S)-yl)-carbamic acid tert-butyl ester for 

25 (2-oxopyrrolidin-3-(S)-yl)-carbamic acid tert-butyl ester. The crude product is 
purified by column chromatography eluting with a gradient of 20% EtOAc/ 
CH 2 CI 2 to 30% EtOAc/CH 2 CI 2 to give the title compound as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 5 7.59 (m, 2H), 7.41 (m, 2H), 5.18 (bs, 1H), 4.72 (m, 
1H), 4.41 (AB, 2H), 3.41 (m, 1H), 3.23 (m, 1H), 1.41 (s, 9H). 

30 

C. 3-(3-(SVAmino-2-oxoazetidin-1 -ylmethyHbenzonitrile hydrochloride. 
The title compound is prepared as described in EXAMPLE 23, Part C using 
[1-(3-cyanobenzyl)-2-oxoazetidin-3-(S)-yl]carbamic acid tert-butyl ester as the 
starting material. 

35 El MS, [M] + =187. 
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D. 7-Methoxvnaphthalene-2-sulfonic acid n-(3-cyanobenzyn-2-oxoazetidin-3- 
(S)-yl]amid$. 

The title compound is prepared as in EXAMPLE 24, Part B substituting 
3-(3-(S)-Amino-2-oxo-azetidin-1 -ylmethyl)benzonitrile hydrochloride for 
5 3-(3-(S)-amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride and 
using 7-methoxynaphthalene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with a gradient of 20% EtOAc/CH 2 CI 2 to 30% 
EtOAc/CH 2 CI 2 to give the title compound as a white solid. 
10 1 H NMR (CDCI 3 , 300 MHz) 8 8.31 (s, 1H), 7.89 (d, 1H), 7.78 (d, 1H), 7.66 (m. 
2H), 7.61 (d, 3H), 7.55 (m, 2H), 7.26 (m, 1H), 5.76 (d, 1H), 5.02 (m, 1H), 3.91 (s, 
3H), 3.42 (m, 1H), 3.15 (dd, 1H). 

E. 7-Methoxyna phthalene-2-sulfonic acid f 1-f3-faminoiminomethvnbenzyl]-2- 
15 oxoazetidin -3(SWI) amide trifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxoazetidin-3-(S)- 
yljamide is converted to the title compound as described in EXAMPLE 24, Part 
C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
20 product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.22 (bs, 2H), 8.90 (bs, 2H), 8.71 (d, 1H), 8.30 
(s, 3H), 8.05 (d, 1H), 7.91 (d, 1H), 7.62 (m, 2H), 7.51 (m, 4H), 7.31 (dd, 1H), 
4.66 (m, 1H), 4.31 (AB, 2H), 3.87 (s, 3H), 3.25 (m, 2H). FAB MS, [M+H] + =439. 

25 EXAMPLE 88 

7-Methoxvnaphthalene-2-sulfonic acid f1-f3-(aminoiminomethvnbenzyll-2-oxo- 
azetidin-3(g)-yl}benzylamide trif luorpacetetS - 

A. 7-Methoxy-2-napthalenesulfonic acid ri-(3-cyanobenzvlV2-oxoazetidin-3- 

30 (SVyll-benzylamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxoazetidin-3-(S)- 
yl]amide, prepared as described in Example 65, part D, and benzyl bromide. 
The crude product is purified by column chromatography eluting with gradient 

35 of 30% EtOAc/hexanes to 40% EtOAc/hexanes to afford the title compound as 
a white foam. 



WO 96/40679 



PCT/US96/09816 



n H NMR (CDCI3, 300 MHz) 8 8.39 (s, 1H), 7.93 (d, 1H), 7.79 (m, 2H), 7.59 (d, 
1H), 7.44 (m, 2H), 7.29 (m, 9H), 5.08 (m, 1H), 4.29 (m, 4H), 3.89 (s, 3H), 3.23 
(m, 1H), 2.87 (m, 1H). 

5 B. 7-Methoxv-2-napth alenesulfonic acid f1-f3-(amlnoiminomethvnbenzyl1-P- 
oxoazetidin-3fSVvl)benzvlamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxoazetidin-3-(S)- 
yl]-benzylamide is converted to the title compound as described in EXAMPLE 
24, Part C The crude product is purified by RP-HPLC eluting with a gradient of 
1 0 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the 

appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.27 (bs, 2H), 8.99 (bs, 2H), 8.42 (s, 3H), 8.05 
(d, 1H), 7.95 (d, 1H), 7.73 (d, 1H), 7.66 (d, 1H), 7.53 (m, 3H), 7.42 (m, 1H), 7.23 
15 (m, 6H), 5.30 (m, 1H), 4.35 (AB, 2H), 4.28 (AB, 2H), 3.29 (m, 1H), 2.83 (m, 1H). 
FAB MS, [M+H] + =529. 

EXAMPLE 89 

5.6.7.8-Tetrahvdr onaphthalene-2-sulfonic acid { 1 -r3-faminoiminomethyn- 
20 benzvll-2-o xopvrrolidin-3(SWHamide trifluoroacetate, 

A. 5.6.7.8-Tetr ahvdronaphthalene-2-sulfonic acid n-(3-cvanobenzvn-2- 
oxopvrrolidin-3-fS)-vl1amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
5,6,7,8-tetrahydronaphthalene-2-sulfonyl chloride for 6-methoxynaphthalene- 
2-sulfonyl chloride. The crude product is purified by column chromatography 
eluting with 70% EtOAc/hexanes afford the title compound as a white solid. 
1 H NMR (CDCI3, 300 MHz) 8 7.60 (m, 3H), 7.48 (m, 2H), 7.45 (d, 1H), 7.22 (d, 
30 1 H), 5.20 (d, 1 H), 4.46 (AB, 2H), 3.72 (m, 1 H), 3.21 (m, 2H), 2.85 (m, 4H), 2.60 
(m, 1H), 1.82 (m, 4H). 

B. 5.6.7.8-Tetrahvdronaphthalene-2-sulfonic acid f1-r3-faminolmlnomethyn- 
benzvn-2-oxo-3(SVpvrrolidin-3-vl) amide trifluoroacetate 

35 5,6,7,8-Tetrahydronaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 

oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
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gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6) 300 MHz) 8 9.31 (bs, 2H), 9.10 (bs, 2H), 8.05 (bs, 1H), 7.69 
5 (m, 1H), 7.55 (m, 5H), 7.25 (m, 1H), 4.46 (AB, 2H), 4.08 (m, 1H), 3.12 (m, 2H), 
2.78 (m, 4H), 2.02 (m, 1H), 1.76 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =427. 
Elemental analysis calculated with 1 .375 mmol of H 2 0 cal. C=50.99%, 
H=5.30%, N=9.91%, found C=50.98%, H=4.93%, N=9.62%. 

10 EXAMPLE 90 

7-Methoxv-2-napthalenesulfonic acid {1-r3-(aminoiminomethynbenzvll-2-oxo- 
3(S)-Pvrrolidin-3-vlH2-methoxvbenzvnamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenes ulfonic acid [1-(3-cvanobenzvn-2-oxopyrrolidin-3- 

15 fSWIl-^2-m ethoxvbenzvnamide. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.12 g, 0.26 mmol), prepared as described in 
EXAMPLE 43, part A, in 20 mL of acetone is added K 2 C0 3 (0.07 g, 0.53 mmol), 
2-methoxybenzyl chloride (0.09 g, 0.28 mmol) and tetrabutylammonium iodide 

20 (0.02 g, 0.05 mmol). The resulting mixture is stirred for 48 hours, then diluted 
with CH 2 CI 2 and washed with saturated NaHC0 3 , H 2 0 and saturated NaCI. 
The organic layer is dried over MgS0 4 , filtered, and concentrated. The crude 
product is purified by column chromatography eluting with 3% MeOH/CH 2 CI 2 to 
afford the title compound as a white foam. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 8.50 (s, 1 H), 7.98 (dd, 1 H), 7.90 (d, 1 H), 7.80 (d, 
1H), 7.55 (m, 2H), 7.45 (m, 3H), 7.20 (m, 3H), 6.90 (m, 1H), 6.75 (d, 1H), 4.63 
(m, 1H), 4.44 (AB, 2H), 4.43 (AB, 2H), 3.90 (s, 3H), 3.71 (s, 3H), 3.09 (m, 2H), 
2.30 (m, 1H), 2.10 (m, 1H). 

30 B. 7-Methoxy-2-napthalenesulfonic acid {1-f3-(aminoiminomethyl)benzyll-2- 
oxo-3fSVpyrrolidin-3-ylH2-methoxvbenz ynamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(2-methoxybenzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C, The crude product is purified by RP-HPLC 

35 eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0.1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.02 (bs, 2H), 8.42 (s, 1H), 8.00 
(d, 1H), 7.95 (d, 1H), 7.83 (dd, 1H), 7.65 (d, 1H), 7.45 (m, 5H), 7.34 (dd, 1H), 
7.20 (m, 1H), 6.90 (m, 2H), 4.82 (m, 1H), 4.30 (AB, 2H), 3.90 (s, 3H), 3.70 (s, 
3H), 3.15 (m, 1H), 3.05 (m, 1H), 2.206 (m, 1H), 1.70 (m, 1H). FAB MS, 
5 [M+H] + =573. Elemental analysis calculated with 1.5 mmol of H 2 0 cal. 
C=54.91%, H=4.54%, N=7.53%, found C=54.97%, H=4.63%, N=7.49%. 

EXAMPLE 91 

7-Methoxy-2-napthalenesulfonic acid (1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
10 3(SVpvrrolidin-3-vl)-(3-m ethoxvbenzvnamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid M-(3-cvanobenzvl)-2-oxopvrrolidin-3- 
( S)-vll-( 3-methoxvbenzynamide. 

The title compound is prepared as described in EXAMPLE 68, Part A using 7- 
15 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 

yl]amide, prepared as described in EXAMPLE 43, part A, and 3-methoxybenzyl 

bromide. The crude product is purified by column chromatography eluting with 

50% EtOAc/hexanes to afford the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.43 (s, 1H), 7.91 (m, 2H), 7.75 (d, 1H), 7.40 (m, 
20 4H), 7.20 (m, 2H), 7.13 (m, 1H), 6.92 (bs, 1H), 6.82 (d, 1H), 6.70(d, 1H), 4.60 

(m, 1H), 4.45 (AB, 2H), 4.40 (AB, 2H), 3.90 (s, 3H), 3.65 (s, 3H), 3.00 (m, 2H), 

2.28 (m, 1H), 2.00 (m, 1H). 

B. 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
25 oxo-3(S)-pyrrolidin-3-yl}-(3-methoxybenzyDamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-methoxybenzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
30 (0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (bs, 2H), 8.45 (s, 1H), 8.05 
(d, 1H), 7.95 (d, 1H), 7.85 (d, 1H), 7.67 (d, 1H), 7.52 (m, 4H), 7.40 (dd, 1H), 7.19 
(m, 1H), 6.90 (m, 2H), 6.78 (dd, 1H), 4.75 (m, 1H), 4.35 (m, 4H), 3.90 (s, 3H), 
35 3.62 (s, 3H), 3.12 (m, 1H), 3.00 (m, 1H), 2.19 (m, 1H), 1.78 (m, 1H). FAB MS, 
[M+H] + =573. Elemental analysis calculated with 0.675 mmol of H 2 0 cal. 
C=56.72%, H=4.95%, N=8.02%, found C=56.72%, H=5.08%, N=7.95%. 
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EXAMPLE 92 

7-Methoxv-2-napthalenesulfonic acid {1 -[3-faminoiminomethynbenzvl1-2-oxo- 
3fS^-pyrrolidin-3-yl}-f4-methoxybenzvnamide trifluoroacetate. 

5 

A. 7-Methoxy-2-n apthalenesulfonic acid ri-(3-cyanobenzyn-2-oxopyrrolidin-3- 
fSVylH4-methoxybenzynamide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanober v!)-2-oxopyrrolidin-3-(S)- 

10 yl]amide, prepared as described in EXAMPLE 43, pe A, and 4-methoxybenzyl 
chloride. The crude product is purified by column chromatography eluting with 
50% EtOAc/hexanes to afford the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1H), 7.90 (m, 2H), 7.80 (d, 1H), 7.50 (m, 
1H), 7.40 (m, 2H), 7.27 (m, 1H), 6.70 (d, 2H), 6.60 (d, 2H), 4.50 (m, 1 H), 4.45 

1 5 (AB, 2H), 4.40 (AB, 2H), 3.90 (s, 3H), 3.65 (s, 3H), 3.00 (m, 2H), 2.30 (m, 1 H), 
2.00 (m, 1H). 

B. 7-Methoxy-2-napthalenesulfonic acid {1-f3-(aminoiminomethvnbenzyl1-2- 
oxo-3(SVpvrrolidin-3-vl}-(4-methoxybenzvnamide trifluoroacetate. 

20 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(4-methoxybenzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 

25 title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.05 (bs, 2H), 8.33 (s, 1H), 8.02 
(d, 1H), 7.95 (d, 1H), 7.80 (dd, 1H), 7.70 (d, 1H), 7.55 (m, 4H), 7.35 (dd, 1H), 
7.20 (d, 2H), 6.80 (d, 2H), 4.70 (m, 1H), 4.35 (AB, 2H), 3.85 (s, 3H), 3.70 (s, 3H), 
3.10 (m, 1H), 2.95 (m, 1H), 2.10 (m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =573. 

30 Elemental analysis calculated with 0.5 mmol of excess TFA cal. C=54.91%, 
H=4.54%, N=7.53%, found C=55.04%, H=4.39%, N=7.64%. 

EXAMPLE 93 

7-Methoxy-2-napthalenesulfonic acid f 1 -f3-faminoiminomethvnbenzyl]-2-oxo- 
35 3(SVpyrrolidin-3-yl}(pvridin-2-vlmeth ynamide trifluoroacetate. 



WO 96/40679 



142 



PCT/US96/09816 



A. 7-Methoxv-2-naPthalenesulfonic acid [1- f3-cvanobenzyn-2-oxopyrrolidin-3- 
(S)-yl1(pyridin-2-ylmethyl)amide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
5 yl]amide, prepared as described in EXAMPLE 43, part A, and pyridin-2-yl- 
methyl chloride. The crude product is purified by column chromatography 
eluting with 2% MeOH/CH 2 CI 2 to afford the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.45 (s, 1H), 7.91 (s, 1H), 7.80 (d, 1H), 7.50 (m, 
4H), 7.20 (m, 7H), 4.70 (m, 1H), 4.50 (m, 4H), 3.91 (s, 3H), 3.10 (m, 2H), 2.25 
10 (m, 1H),2.00(m,1H). 

B. 7-Methoxv-2-napthalenesulfonic acid (1-r3-(aminoiminomethvnbenzyl]-2- 
oxo-3rSVpvrrolidi n-3-vl}fpvridin-2-vlmethynamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 

15 (S)-yl](pyridin-2-ylmethyl)amide is converted to the title compound as 

described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

20 1 H NMR (CDCI3, 300 MHz) 8 8.50 (s, 1H), 8.15 (d, 1H), 7.90 (s, 2H), 7.80 (m, 
2H), 7.70 (m, 2H), 7.45 (m, 2H), 7.25 (m, 3H), 7.15 (m, 1H), 5.10 (m, 1H), 4.55 
(AB, 2H), 4.30 (AB, 2H), 3.91 (s, 3H), 3.10 (m, 1H), 2.95 (m, 1H), 2.25 (m, 1H), 
1.95 (m, 1H, 1.90 (bs, 4H). FAB MS, [M+H] + =544. Elemental analysis 
calculated with 0.35 mmol of H 2 0 cal. C=56.08%, H=4.66%, N=10.55%, found 

25 C=56.07%, H=5.23%, N=10.50%. 

EXAMPLE 94 

7-Methoxy-2-napthalenesulfonic acid {1-r3-(aminoiminomethynbenzyl]-2-oxo- 
3fS)-Dvrrolidin-3-vlUDvridin-3-vlmethvnamide trifluoroacetate. 

30 

A. 7-Methoxv-2-napthalenesulfonic acid f1-(3-cvanob enzyn-2-oxopyrrolidin-3- 
(SVyl]-(pyridin-3-yl-methyl)amide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
35 yljamide, prepared as described in EXAMPLE 43, part A, and pyridin-3-yl- 
methyl bromide. The crude product is purified by column chromatography 
eluting with 5% MeOH/CH 2 CI 2 to afford the title compound as a white foam. 
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1 H NMR (CDCI 3 , 300 MHz) 5 8.50 (m, 1H), 8.40 (m, 1H), 7.90 (m, 3H), 7.82 (d, 
1H), 7.60 (m, 1H), 7.48 (dd, 1H), 7.45 (s, 1H), 7.23 (m, 5H), 4.60 (m, 1H), 4.50 
(AB, 2H), 4.45 (AB, 2H), 3.91 (s, 3H), 3.10 (m, 2H), 2.30 (m, 1H), 1.97 (m, 1H). 

5 B. 7-Methoxv-2-napthalenesulfonic acid {1-r3-faminoiminomethvnbenzvl]-2- 
oxo-3rSVDvrrolidin-3-vl)fpvrid in-3-vlmethvnamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](pyridin-3-ylmethyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
1 0 eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.00 (bs, 2H), 8.75 (s, 1H), 8.60 
(m, 1H>, 8.48 (s, 1H), 8.15 (d, 1H), 8.05 (d, 1H), 8.00 (d, 1H), 7.82 (dd, 1H), 7.65 
15 (d, 1 H), 7.55 (m, 5H), 7.38 (dd, 1 H), 7.20 (m, 1 H), 4.95 (m, 1 H), 4.50 (s, 2H), 
4.40 (AB, 2H), 3.90 (s, 3H), 3.10 (m, 2H), 2.10 (m, 1H), 1.75 (m, 1H). FAB MS, 
[M+H] + =544. 

EXAMPLE 95 

20 7-Methoxv-2-napthalenesulfonic acid (1-r3-(aminoiminomethvnbenzvr|-2-oxo- 
3(S^-pvrrolidin-3-vlWpvridin-4-vl-methvnamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid f1-f3-cvanoben zvn-2-oxopvrrolidin-3- 
(SWnfovridin-4-vlmethvnamide. 

25 The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide, prepared as described in EXAMPLE 43, part A, and pyridin-4-yl- 
methyl chloride. The crude product is purified by column chromatography 
eluting with 2% MeOH/CH 2 CI 2 to afford the title compound as a white foam. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 8.52 (d, 2H), 8.40 (s, 1 H), 7.90 (m, 2H), 7.80 (d, 
1H), 7.60 (m, 1H), 7.48 (d, 1H), 7.40 (d, 1H), 7.30 (m, 5H), 4.60 (m, 1H), 4.45 
(m, 4H), 3.95 (s, 3H), 3.10 (m, 2H), 2.30 (m, 1H), 1.97 (m, 1H). 

B. 7-Methoxv-2-napthalenesulfonic acid (1-r3-(aminoiminomethvnbenzvn-2- 
35 oxo-3(S^-Dvrrolidin-4-yl)fpyridin-4-ylmethvnamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(pyridin-4-yl-methyl)amide is converted to the title compound as 
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described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
5 1 H NMR (DMSO-d e , 300 MHz) 8 9.25 (bs, 2H), 9.10 (bs, 2H), 8.70 (d, 1H), 8.45 
(s, 1H), 8.08 (d, 1H), 8.00 (d, 1H), 7.95 (d, 2H), 7.80 (dd, 1H), 7.65 (m, 1H), 7.53 
(m, 4H), 7.40 (dd, 1H), 4.97 (m, 1H), 4.60 (AB, 2H), 4.38 (AB, 2H), 3.98 (s, 3H), 
3.10 (m, 2H), 2.10 (m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =544. Elemental 
analysis calculated with 1.275 mmol of H 2 0 cal. C=46.26%, H=3.83%, 
10 N=7.71%, found C=46.27%, H=3.93%, N=7.61%. 

EXAMPLE 96 

7-Methoxv-2-nanthalenesulfnnic acid {l-f 3-faminoiminomethynbanzvn-2-oxQ- 
3fS)-Pvrrolidin-3-v»-n-b6nzyl-1H-imldazol- 2-vlmethvhamide triflunrnangtatP 

15 

A. 7-Methoxv-2-napthalenesulfonic acid f1- f3-cvanQbenzvn-2-oxopyrrolidin-3- 
(SWn-M-ben2yl-1 H-imidazol-2-vlmethvnamiriP 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl]amide, prepared as described in EXAMPLE 43, part A, and 1-benzyl-1 H- 
imidazol-2-ylmethyl chloride. The crude product is purified by column 
chromatography eluting with 2% MeOH/CH 2 CI 2 to afford the title compound as 
a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.88 (s, 1H), 7.77 (d, 1H), 7.65 (dd, 2H), 7.50 (s, 
25 1H), 7.40 (m, 2H), 7.28 (m, 1H), 7.19 (m, 4H), 7.10 (d, 1H), 7.00 (dd, 2H), 6.82 
(S, 1H), 5.20 (AB, 2H), 4.70 (m, 1H), 4.55 (AB, 2H), 4.20 (AB, 2H), 3.75 (s, 3H), 
2.95 (m, 1H), 1.90 (m, 1H). 

B. 7-Methoxv-2-napthalenesul fonic acid (1-r3-(aminoiminomethvnbenzvl]-2. 
30 oxo-3(SVpvrrolidin-4-yl}- M-benzvl-1H-imidazol-2-vlmethvnamide 

trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(1 -benzyl- 1H-imidazol-2-ylmethyl)amide is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
35 by RP-HPLC eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (CS, 2H), 8.30 (s, 1H), 8.05 
(d, 1H), 8.00 (d, 1H), 7.65 (m, 14H), 5.50 (s, 2H), 5.10 (m, 1H), 4.75 (AB, 2H), 
4.45 (AB, 2H), 3.95 (s, 3H), 3.10 (m, 2H), 2.05 (m, 1H), 1.80 (m, 1H). FAB MS, 
[M+H] + =623. Elemental analysis calculated with 2.5 mmol of H 2 0 cal. 
5 C=50.11%, H=4.26%, N=8.99%, found C=50.34%, H=4.08%, N=8.60%. 

EXAMPLE 97 

(1-Methvl-1H-imidazol-2-yhbenzene-4-sulfonic acid f1-[3- 
(aminoiminomethvnbenzvn-2-oxopvrrolidin-3r sVvllamide trifluoroacetate. 

10 

A. 4-(1-Methyl-1H-imidazol-2-ynbromobenzene. 

The title compound is prepared as described in EXAMPLE 53, Part A 
substituting 1-methyl-1H-imidazole for 2-bromoanisole. The crude product is 
purified by column chromatography eluting with 5% MeOH/CH 2 CI 2 to afford the 
1 5 title compound as a white foam. 
El MS, [M] + =237. 

B. n-Methvl-1H-imidazol-2-vnbenzene-4-sulfonvl chloride. 

The title compound is prepared as described in EXAMPLE 53, Part B using 4- 
20 (1-methyl-1H-imidazol-2-yl)bromobenzene as the starting material. 
El MS, [M] + =256. 

C. M-Methvl-1H-imidazol-2-ynbenzene-4-s ulfonic acid f1-(3-cvanobenzvn-2- 
Qxppyrrolidin-3-(S)-yl]amide. 

25 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 

ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using (1-methyl- 
1H-imidazol-2-yl)benzene-4-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with 5% MeOH/CH 2 CI 2 to give the title 

30 compound as a white foam. 

1 H NMR (CDCIg, 300 MHz) 5 7.60 (m, 3H), 7.45 (m, 5H), 7.15 (s, 1H), 6.98 (s, 
1H), 4.48 (AB, 2H), 3.95 (s, 3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.00 
(m, 1H). 

35 D. (1-Methvl-1H-imidazol-2-vnbenzene-4-sulfonic acid (1-f3- 

(aminoiminomethvl^benzvn-2-oxopvrroiidin-3fSVvllamide trifluoroacetate. 



WO 96/40679 



146 



PCT/US96/09816 



(1 -Methyl-1 H-imidazol-2-yl)benzene-4-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
5 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d e , 300 MHz) 5 9.30 (bs, 2H), 8.89 (bs, 2H), 8.70 (d, 1H), 7.90 
(m, 1H), 7.69 (m, 4H), 7.55 (m, 5H), 4.45 (s, 2H), 4.10 (m, 1H), 3.90 (s, 3H), 3.20 
(m, 2H), 2.20 (m, 1H), 1.80 (m, 1H). FAB MS, [M+H] + =453. Elemental analysis 
10 calculated with 0.8 mmol of H 2 0 cal. C=44.93%, H=4.00%, N=12.09%, found 
C=45.02%, H=4.04%, N=11.79%. 

EXAMPLE 98 

7-Methoxv-2-napthalenesulfo nic acid f1-f3-(aminoiminomethvnbenzvn-2-oxo- 
15 3(S)-Dvrrolidin-3-vl)-(3-hvdroxvbenzvna mide trifluornanetate. 

A. 3-ff 1 . 1 -Dimethvlethvndime thvlsilvlloxytoluene 

To a solution of 3-hydroxytoluene (2 g, 8.5 mmol) in 20 mL of CH 2 CI 2 is added 
DBU (3.32 mL, 22.2 mmol) and 1,1-dimethylethyl)dimethylsilyl chloride (3.07 g, 

20 20.34 mmol). After 1.5 hours, the solution is diluted with EtOAc. The organic 
solution is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic 
layer is dried over MgS0 4 , filtered, and concentrated. The crude product is 
purified by column chromatography eluting with 5% EtOAc/hexanes to afford 
the title compound (4.1 g, 18.5 mmol) as an oil. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 7.10 (dd, 1H), 6.70 (d, 1H), 6.65 (s, 1H), 6.63 (d, 
1H), 2.30 (s, 3H), 1.00 (s, 9H), 0.20 (s, 6H). 

B. a-Bromo-m-3-f( 1 . 1 -dimethvlethvhdimethvlsilvlloxvtoluene 

To a solution of 3-[(1,1-dimethylethyl)dimethylsilyl]oxytoluene (1 g, 4.5 mmol) in 
30 40 mL of CCI 4 is added N-bromo succinimide (0.92 g, 5.17 mmol) and benzoyl 
peroxide (0.16 g, 0.45 mmol). The solution is heated to reflux. After 
16 hours, the solution is diluted with EtOAc. The organic solution is washed 
with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered, and concentrated. The title compound (1.33 g, 4.4 mmol) is 
35 obtained as an oil. 
El MS, [M] + =301. 



WO 96/40679 



147 



PCT/US96/09816 



C. 7-Methoxv-2-napthalenesulfonic acid [1-(3-cyanobenzyn-2-oxopyrrolidin-3- 
fS)-yl]-(3-hydroxybenzynamide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
5 yljamide, prepared as described in EXAMPLE 43, part A, and a-bromo-m-3- 
[(1,1-dimethylethyl)dimethylsilyl]oxytoluene. The crude product is purified by 
column chromatography eluting with 45% EtOAc/hexanes to afford the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (s, 1H), 7.90 (s, 1H), 7.80 (m, 1H), 7.58 (m, 
10 3H), 7.45 (m, 3H), 7.15 (m, 1H), 6.90 (m, 1H), 6.72 (dd, 1H), 5.60 (bs, 1H), 4.65 
(m, 1H), 4.62 (AB, 2H), 4.30 (s, 2H), 3.90 (s, 3H), 3.05 (m, 2H), 2.30 (m, 1H), 
2.00 (m,1H). 

D. 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethynbenzyl]-2- 
15 oxo-3(S)-pyrrolidin-3-yl}-(3-hydroxybenzyl)amide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-hydroxy-benzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
20 (0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.00 (bs, 2H), 8.45 (s, 1H), 8.00 
(d, 1H), 7.95 (d, 1H), 7.85 (dd, 1H), 7.65 (d, 1H), 7.50 (m, 4H), 7.35 (dd, 1H), 
7.02 (m, 1H), 6.80 (bs, 1H), 6.65 (m, 2H), 4.75 (m, 1H), 4.37 (AB, 2H), 4.30 (AB, 
25 2H), 3.90 (s, 3H), 3.15 (m, 1H), 2.95 (m, 1H), 2.10 (m, 1H), 1.70 (m, 1H). FAB 
MS, [M+H] + =559. Elemental analysis calculated with 0.5 mmol of excess TFA 
cal. C=54.32%, H=4.35%, N=7.68%, found C=54.53%, H=4.56%, N=7.82%. 

EXAMPLE 99 

30 7-Methoxv-2-napthalenesulfonic acid {1-f3-feminoiminomethynbenzyl]-2-oxo- 
3(SVpvrrolidin-3-vlH2-hvdroxybenzvnami de trifluoroacetate. 

A. 2-fM . 1 -Dimethvlethvndimethvlsilylloxytoluene. 
The title compound is prepared as in EXAMPLE 76, Part A substituting 2- 
35 hydroxytoluene for 3-hydroxytoluene. The crude product is purified by column 
chromatography eluting with 10% EtOAc/hexanes to afford the title compound 
as an oil. 
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1 H NMR (CDCI 3 , 300 MHz) 8 7.14 (d, 1H), 7.05 (m, 1H), 6.85 (m, 1H), 6.75 (d, 
1H), 2.20 (s, 3H), 1.00 (s, 9H), 0.20 (s, 6H). 

B. a-Bromo-m-2-rn.1-dimethvle thvndimethvlsilvl1oxvtnliifinfi. 

5 The title compound is prepared as in EXAMPLE 98, Part B substituting 2-[(1 ,1- 
dimethylethyl)dimethylsilyl]oxytoluene for 3-[(1,1- 
dimethylethyl)dimethylsilyl]oxytoluene. The crude product is purified by 
column chromatography eluting with 5% EtOAc/hexanes to afford the title 
compound as an oil. 

10 1 H NMR (CDCIg, 300 MHz) 8 7.30 (dd, 1H), 7.19 (m, 1H), 6.90 (m, 1H), 6.80 (d, 
1H), 4.50 (s, 2H), 1.05 (s, 9H), 0.30 (s, 6H). 

C. 7-Methoxv-2-napthalenesulfonic acid f1-f 3-cvanobenzvn-2-oxoDvrrolidin-3- 
(SVvn-f2-rn.1-dimethvlethyndimethylsilylloxvbenzvnamide. 

15 To a solution of 7-methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.20 g, 0.46 mmol), prepared as described in 
EXAMPLE 43, part A, in 20 mL of acetone is added oc-bromo-m-2-[(1,1- 
dimethylethyl)dimethylsilyl]oxytoluene (0.145 g, 0.48 mmol) and I^COg (0.13 g, 
0.92 mmol). The crude product is purified by column chromatography eluting 

20 with a gradient of 40% EtOAc/hexanes to 80% EtOAc/hexanes afford the title 
compound (0.20 g, 0.37 mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.80 (m, 3H), 7.45 (m, 4H), 7.20 (m, 1H), 7.10 (m, 
1H), 6.95 (m, 1H), 6.70 (m, 1H), 6.50 (d, 1H), 4.90 (m, 1H), 4.40 (m, 4H), 3.90 (s, 
3H), 3.10 (m, 2H), 2.30 (m, 1H), 2.00 (m, 1H). 

25 

D. 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethynbenzyl]-2- 
oxo-3(S)-pvrrolidin-3-vl}-f2-hydroxybenzvnamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(2-[(1,1-dimethylethyl)dimethylsilyl]oxybenzyl)amide is converted to the 

30 title compound as described in EXAMPLE 24, Part C. The crude product is 
purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H z O (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-de, 300 MHz) 8 9.30 (bs, 2H), 8.95 (bs, 2H), 8.45 (s, 1H), 8.05 

35 (d, 1 H), 7.95 (d, 1 H), 7.85 (dd, 1 H), 7.68 (dd, 1 H), 7.55 (m, 4H), 7.38 (m, 2H), 
7.05 (m, 2H), 6.75 (m, 2H), 4.80 (m, 1H), 4.35 (bs, 2H), 4.30 (AB, 2H), 3.90 (s, 
3H), 3.15 (m, 1H), 3.00 (m, 1H), 2.20 (m, 1H), 1.95 (m, 1H). FAB MS, 
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[M+H] + =559. Elemental analysis calculated with 0.5 mmol of excess TFA cal. 
C=53.66%, H=4.43%, N=7.53%, found C=53.94%, H=4.43%, N=7.59%. 

EXAMPLE 100 

5 7-Methoxy-2-napthalenesulfonic acid {1-[3-faminoiminomethyl)benzyl]-2-oxo- 
3($)-pyrrolidin-3-yl}(pyr92Ql-3-ylmgthyl)9midg triflMQrp^pgt^tg- 

A. N-t-Butyloxycarbonylpyrazol-3-ylmethyl bromide. 

3-Methylpyrazole (2,04 g, 2.49 mmol) is dissolved in 25 mL acetonitrile under 
10 nitrogen, cooled in a ice bath, and treated with BOC anhydride (6.5 g, 2.98 
mmol) followed by DMAP (0.303 g, 2.48 mmol). The reaction is warmed to 
room temperature over about two hours and diluted with ethyl acetate. The 
organic solution is washed with 1 N HCI, saturated NaHC0 3 and saturated 
NaCI solution dried over Na 2 S0 4 , filtered, and concentrated to obtain N-t- 
15 butyloxycarbonyl-3-methylpyrazole (2.5 g, 13.7 mmol), El MS, [M] + = 182. A 
portion of this material (1 g, 5.8 mmol) is dissolved in CCI 4 (20 mL), treated with 
N-bromosuccinimide (1.47 g, 8.26 mmol) and benzoyl peroxide (0.2 g, 0.83 
mmol) and heated to reflux. After 4 hours, the solution is diluted with EtOAc 
washed with saturated NaHC0 3 , dried over Na 2 S0 4 and concentrated. The 
20 residue is chromatographed with 10 % EtOAc/hexane to yield the title 
compound (0.74 g, 2.85 mmol), El MS, [M] + =259/261. 

B 7-Methoxy-2-napthalenesulfonic acid {1-[3-cyanobenzyl]-2-oxo-3fSV 
pyrrolidin-3-yl}-fN-t-butyloxycarbonylpyrazol-3-ylmethynamide. 

25 A solution of 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 

oxopyrrolidin-3-(S)-yl]amide (0.30 g, 0.69 mmol) in refluxing acetone (25 mL) is 
treated with N-t-butyloxycarbonyl-pyrazol-3-ylmethyl bromide (0.28 g, 1.07 
mmol) as described in EXAMPLE 90, Part A. Chromatographic purification 
(50% EtOAc/hexane to 60% EtOAc/hexane) yielded the title compound as a 

30 white solid (0.37 g, 0.6 mmol). 

1 H NMR (CDCI 3 , 300 MHz) 8 8.50 (s, 1H), 7.90-8.02 (m, 3H), 7.79 (d, 1H), 7.46- 
1.60 (m, 4H), 7.30 (dd, 1H), 7.27 (s, 1H), 6.50 (d, 1H), 4.62 (t, 1H), 4.47 (AB, 
2H), 4.45 (AB, 2H), 3.94 (s, 3H), 3.24 (m, 1H), 3.14 (m, 1H), 2.26 (m, 2H), 1.63 
(S, 9H). FAB MS [M+H] + =616. 

35 

C. 7-Methoxy-2-napthalenesulfonic acid (1-r3-faminoiminomethynbenzyn-2- 
oxo-3fS^pvrrolidin -3-yl}(pyrazol-3-vlmethvnamide trifluoroacetate. 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-cyanobenzyl]-2-oxo-3(S)-pyrrolidin- 
3-yl}(pyrazol-3-ylmethyl)amide(0.37 g, 0.6 mmol) is converted to the title 
compound as described in EXAMPLE 32, Part C. The crude product is 
converted to the hydrochloride salt with methanolic HCI then purified by RP- 
5 HPLC eluting with a gradient of 5% CH 3 CN/H 2 0 to 50% CH 3 CN/H 2 0; the 

appropriate product fractions are lyophilized to provide the title compound as a 
white solid (0.045 g, 0.08 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.35 (bs, 2H), 9.07 (bs, 2H), 8.46 (s, 1H), 8.03 
(d, 1H), 7.98 (d, 1H), 7.72 (d, 1H), 7.58 (d, 1H), 7.55-7.64 (m, 5H), 7.36 (dd, 1H), 
10 6.12 (s, 1H), 4.80 (t, 1H), 4.40 (two AB, 4H), 3.90 (s, 3H), 3.14 (m, 1H), 3.03 (m, 
1H), 2.12 (m, 1H), 1.69 (m, 1H). FAB MS, [M+H] + =533. Elemental analysis 
calculated with 1.6 mmol of H 2 0: C=54.24%, H=5.43%, N=14.06%, found 
C=54.22%, H=5.19%, N=13.74%. 

15 EXAMPLE 101 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethvnbenzvl1-2-oxoDvrrolidin-3- 
(SWI)amide trifluoroacetate. 

A. Quinoline-6-su lfonyi chloride 
20 The title compound is prepared from 6-bromoquinoline as described in 
EXAMPLE 53, Part B. The solid product is collected, washed with copious 
amounts of hexane and ether and used without further purification. 
El MS, [M] + =227. 

25 B. Quinoline-6-sulfonic acid {1-[3-cyanobenzvl]-2-oxopyrrolidin-3-(SVyl}amide 
3-(3-(S)-Amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride (0.32 g, 
1.26 mmol) is suspended in 15 mL of CH 3 CN. To the solution is added 
triethyiamine (0.384 g, 3.78 mmol) followed by quinoline-6-sulfonyl chloride 
(0.25 g, 0.99 mmol). After stirring for 1 .5 hours, the solution is diluted with 

30 EtOAc and washed with 0.1 N aqueous HCI, water and saturated NaCI 

solution. The organic layer is dried over Na 2 S0 4 , filtered and concentrated. 
The crude residue is purified by column chromatography (4% MeOH/CH 2 CI 2 ) to 
afford the title compound (0.146 g, 0.36 mmol) and as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 5 9.04 (d, 1H), 8.53 (s, 1H), 8.30 (d, 1H), 8.24 (m, 

35 2H), 7.48-7.55 (m, 5H), 6.46 (brs, 1 H), 5.29 (s, 1 H), 4.45 (AB, 2H), 3.98 (t, 1 H), 
3.75 (m, 1H), 3.20 (m, 2H), 2.56 (m, 1H), 2.06 (m, 1H). FAB MS, [M+H] + =407. 
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A minor component is also isolated: 2-n-Butylquinoline-6-sulfonic acid {1-[3- 
cyanobenzyl]-2-oxopyrrolidin-3-(S)-yl}amide (0.056 r 0.12 mmol); FAB MS, 
[M=H] + =463. 

5 C- Quinoline-6-sulfonic acid (1-r3-(aminoiminomethynbenzvl].2-Qxopvrrolidin- 

3- (S)-vl)amide trifluoroacetate. 

Quinoline-6-sulfonic acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)-yl}amide 
(0.146 g, 0.36 mmol) is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
1 0 gradient of H 2 0 (0. 1 % TFA) to 1 00% CH 3 CN/H 2 0 (0. 1 % TFA) over 35 minutes 
and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid (0.050 g, 0.077 mmol) as well as unreacted starting 
material (0.10 g, 0.25 mmol). 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.05-9.10 (m, 3H), 8.61 (d, 1H), 
15 8.58 (s, 1H), 8.40 (d, 1H), 8.16 (AB, 2H), 7.65-7.72 (m, 2H), 7.50-7.60 (m, 3H), 
4.42 (AB, 2H), 4.20 (q, 1H), 3.09 (m, 2H), 2.03 (m, 1H), 1.60 (m, 1H). Ion Spray 
MS, [M+H] + =424. Elemental analysis calculated with 2 mole of H 2 0: 
C=43.67%, H=3.96%, N=10.19%; found C=43.87%, H=3.63%, N=10.08%. 

20 EXAMPLE 102 

4- Pvridin-4-vlben zene sulfonic acid {1-r3-teminoiminomethvnbenzyl]-2- 
oxopvrrolidin-3rSWI)amide bist rifluoroacetate. 

A. 4-(Pyridin-4-yl)-bromobenzene 

25 4-Bromopyridine hydrochloride is free based with saturated NaHC0 3 solution 
and extracted into methylene chloride. The organic solution is concentrated at 
room temperature and used immediately without further purification. A portion 
of the solid obtained (3 g, 19 mmol) is treated as described in EXAMPLE 53, 
Part A with n-butyl lithium (14.25 mL of a 1.6 M solution in THF, 22.8 mmol) and 

30 iodobromobenzene (5.39 g, 19 mmol). The crude product is purified by 

chromatography (30% EtOAc/hexanes to 60% EtOAc/hexanes) to obtain the 
title compound (2.59g, 1 1 .06 mmol). 
El MS, [M] + =233/235. 



35 



B. 4-Pyridi n-4-ylbenzene sulfonyl chloride. 

The title compound is prepared from 4-(pyridin-4-yl)-bromobenzene as 
described in EXAMPLE 53, Part B, except that 2 equivalents of t-butyl lithium is 
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used to generate the starting anion. The crude solid product is purified by 
washing with copious amounts of hexane and ether. El MS, [M] + =253 and is 
used without further purification. 

5 C, 4-Pvridin-4-vlbenzene sulfonic acid n-(3-cvanobenzyn-2-oxopvrrolidin-3- 
(S)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride (0.2 g, 0.79 mmol) as in EXAMPLE 24, Part 
B using 4-pyridin-4-ylbenzene sulfonyl chloride (0.50 g, 1 .98 mmol) in place of 
1 0 6-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
chromatography (2.5 to 5 % MeOH/CH 2 CI 2 ) to obtain a white solid (0.25 g, 0.58 
mmol). 

1 H NMR (CDCI 3 , 300 MHz) 8 8.78 (m, 2H), 8.11 (d, 2H), 7.66 (m, 2H), 7.47-7.58 
(m, 5H), 5.48 (s, 1H), 4.50 (AB, 2H), 3.88 (t, 1H), 3.29 (dd, 2H), 2.58 (m, 1H), 
15 2.17 (m, 1H). FAB MS, [M+H] + =433. 

D. 4-Pvridin-4-vlbenzene sulfonic acid {1- f3-raminoiminomethynbenzylj-2- 
oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate. 

4-Pyridin-4-ylbenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl]amide (0.14 g, 0.32 mmol) is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 5% CH 3 CN/H 2 0 (0.1% TFA) to 40% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid (0.132 g, 0.19 mmol). 
25 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.28 bs, 2H), 9.13 (bs, 2H), 8.80(bs, 1H), 8.33 
(m, 1H), 7.97 (m, 5H), 7.62 (m, 1H), 7.51 (m, 3H), 4.40 (m, 2H), 4.15 (m, 1H), 
3.10 (m, 2H), 2.05 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =450. Elemental 
analysis cal. C=47.86%, H=3.72%, N=10.34%, found C=47.94%, H=3.84%, 
N=10.40%. 

30 

EXAMPLE 103 

7-Methoxv-2-napthalenesulfo nic acid {1-f3-(aminoiminomethynbenzyl]-2-oxo- 
3(S1-pyrrolidin-3-yl}(thiophene-2-ylmethyl)amide trifluoroacetate. 



35 A. 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyn-2 -oxopvrrolidin-3- 
fSVylKthiophene-2-vlmethvnamide. 
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The title compound is prepared as described r AMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanabenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.100 g, 0.23 mmol), prepared as described in EXAMPLE 43, part A, 
and thiophene-2-ylmethyl bromide (0.10 g, 0.56 mmol). The crude product is 
5 triturated with hexane/ether and used without further purification. 

1 H NMR (CDCIg, 300 MHz) 8 8.49 (s, 1H), 7.93 (bs 2H), 7.70 (d, 1H), 7.50 (m, 
3H), 7.28 (m, 3H), 7.10 (d, 1H), 6.90 (m, 2H), 4.65 (m, 3H), 4.45 (AB, 2H), 3.93 
(s, 3H), 3.09 (m, 2H), 2.28 (m, 1H), 2.04 (m, 1H). FAB MS, [M+H] + =532. 

10 B. 7-Meth oxv-2-napthalenesulfonic acid {1-r34aminoiminomethynbenzyl]-2- 
oxo-3(S)-Dvrrolidin-3-vl4thio phene-2-ylmethyhamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl-(thiophene-2-ylmethyl)amide (0.12 g, 0.23 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 

1 5 by RP-HPLC eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0.1 % TFA) to 1 00% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.045 g, 0.064 mmol). 
1 H NMR (CD 3 OD, 300 MHz) 8 8.49 (s, 1H), 7.95 (d, 1H), 7.87 (m, 2H), 7.62 (m, 
4H), 7.43 (d, 1H), 7.31 (m, 2H), 6.96 (m, 1H), 6.85 (m, 1H), 4.66 (m, 4H), 3.92 (s, 

20 3H), 3.23 (m, 2H), 2.23 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =549. Elemental 
analysis calculated with 2 mmol of H z O cal. C=51.57%, H=4.76%, N=8.02%, 
found C=51.70%, H=4.41%, N=7.79%. 

EXAMPLE 104 

25 4-Pvridin-3-vlbenzene s ulfonic acid n-r3-(aminoiminomethynbenzvll-2- 
oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate. 

A. 4-(Pyridin-3-yl)bromobenzene. 

3-Bromopyridine (6 g, 38 mmol) is treated as described in EXAMPLE 53, Part A 
30 with n-butyl lithium (28.5 mL of a 1.6 M solution in THF, 45.6 mmol) and 
iodobromobenzene (8.96 g, 31.7 mmol). The crude product is purified by 
chromatography (30% EtOAc/hexanes) to obtain the title compound (3.5 g, 
14.9 mmol). 
El MS, [M] + =233/235. 



B. 4-Pyridin-3-ylbenzene sulfonylchloride. 
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The title compound is prepared from 4-(pyridin-3-yl)-bromobenzene (1.75 g, 
7.5 mmol) as described in EXAMPLE 53, Part B except that 2 equivalents of t- 
butyl lithium is used to generate the starting anion. The crude solid product is 
purified by washing with copious amounts of hexane followed by 100 ml_ of hot 
5 anhydrous CH 2 CI 2 and is used without further purification (1 .98 g, 7.8 mmol). 
El MS, [M] + =253. 

C- 4-Pyrid in-3-vlbenzene sulfonic acid M-(3-cvanobenzyl)-2-oxopyrrolidin-3- 
( S )- y)]amide . 

10 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-l- 

ylmethyl)benzonitrile hydrochloride (0.3 g, 1.2 mmol) as in EXAMPLE 24, Part 
B using 4-pyridin-3-ylbenzenesulfonyl chloride (0.57 g, 2.4 mmol) in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
chromatography (2.5% MeOH/CH 2 CI 2 to 5% MeOH/CH 2 CI 2 ) to obtain a white 

15 solid (0.08 g, 0.18 mmol). 

1 H NMR (CDgOD, 300 MHz) 8 8.85 (bs, 2H), 8.57 (bs, 2H), 8.16 (d, 1H), 7.94 
(AB, 4H), 7.46-7.65 (m, 5H), 4.44 (AB, 2H), 4.23 (t, 1H), 3.20 (m, 2H), 2.33 (m, 
1H), 1.87 (m, 1H). 

20 D. 4-Pvridin-3-vlbenzene sulfonic acid {1-f3-(aminoiminomethynbenzyl]-2- 
oxopvrrolidin-3fSVyltemide bis trifluoroacetate. 

4-Pyridin-3-ylbenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.08 g, 0.18 mmol) is converted to 4-pyridin-3-ylbenzene-4-sulfonic 
acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl} amide 
25 bistrifluoroacetate as described in EXAMPLE 24, Part C. The crude product is 
purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid (0.016 g, 0.024 
mmol). 

30 1 H NMR (DMSO-d 6 , 300 MHz) 6 9.27 (bs, 2H), 9.05 (bs, 2H), 8.23 (m, 2H), 7.93 
(m, 4H), 7.62 (m, 2H), 7.51 (m, 3H), 4.40 (m, 2H), 4.15 (m, 1H), 3.10 (m, 2H), 
2.05 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =450. 

EXAMPLE 105 

35 N-Methylpyrid-4-vlphenvl-4-sulfonic a cid {1-[3-faminoiminomethynbenzyl1-2- 
Oxopyrrplidin-3($)-yl}amide trifluproaoetete. 
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Pyrid-4-ylbenzene sulfonic acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3(S)-yl} 
amide (0.25 g, 0.58 mmol), prepared as described in EXAMPLE 80, Part C is 
converted to the title compound as described in EXAMPLE 32, Part C. The 
crude product is purified by RP-HPLC eluting with a gradient of 10% 
5 CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a yellow solid 
(0.055, 0.08 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 5 8.42,8.98 (AB, 4H), 8.16 (S, 4H) 7.56-7.73 (m, 
3H), 7.59 (s, 1H), 4.50 (AB, 2H), 4.43 (s, 3H), 4.27 (t, 1H), 3.26 (m, 2H), 2.33 (m, 
10 1 H), 1 .80 (m, 1 H). FAB MS, [M+H] + =464. 

EXAMPLE 106 

2-Methoxyquinoline-7-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-fSV yHamide trifluoroacetate. 

15 

A. 2-Methoxyquinoline-7-sulfonyl chloride. 

7-Bromo-2-methoxyquinoline (1.75 g, 7.5 mmol) is treated as described in 
EXAMPLE 53, Part B. The crude solid product is collected, washed with 
hexane and used without further purification (0.66 g, 2.6 mmol). 
20 El MS, [M] + =257. 

B. 2-Methoxyquino line-7-sulfonic acid {1-f3-cyanobenzvn-2-oxopvrrolidln-3- 
(S)-yl }amide 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride (0.305, 1.2 mmol) as in EXAMPLE 24, Part 
B using 2-methoxyquinoline-7-sulfonyl chloride (0.30 g, 1.16 mmol)in place of 
6-methoxynaphthalene-2-sulfonyl chloride. 2-Methoxy-quinoline-7-sulfonic 
acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)-yl}amide is obtained as a solid 
(0.27 g, 0.62 mmol) upon chromatography (CH 2 CI 2 to 3% MeOH/CH 2 CI 2 ). 
30 1 H NMR (CDCIg, 300 MHz) 8 8.43 (m, 2H), 8.03 (d, 2H), 7.80-7.91 (m, 2H), 7.58 
(d, 1H), 7.43 (m, 3H), 7.06 (d, 1H), 5.43 (s, 1H), 4.43 (s, 2H), 4.08 (s, 3H), 3.80 
(t, 1H), 3.20 (dd, 2H), 2.62 (m, 1H), 2.10 (m, 1H). El MS, [M] + =436. 

C. -Methoxvauinoline-7-sulfonic acid (1-r3-cvanobenzyl]-2-oxop yrrolidin-3-(SV 
35 yl}-methylamide. 

2-Methoxy-quinoline-7-sulfonic acid {1 -[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)- 
yl}amide (0.15 g, 0.35 mmol) is converted to the title compound (0.157 g, 0.35 
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mmol) as described in EXAMPLE 90, Part A except that acetone is replaced 
with anhydrous DMF (4 ml_) and a catalytic amount of tert-butyl ammonium 
iodide is added. 
El MS, [M] + =450. 

5 

D. 2-Methoxvauinoline-7-sulfonic acid {1-[ 3-(aminoiminomethvnbenzvl]-2- 
oxopvrrolidin-3-r SWIlamide trifluoroacetate. 

2-Methoxy-quinoline-7-sulfonic acid {1 -[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)- 
yl}-methylamide is converted to the title compound as described in EXAMPLE 
10 24, Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid (0.038, 0.065 mmol). 

1 H NMR (CDgOD, 300 MHz) 5 8.35 (s, 1 H), 8.25 (d, 1 H), 7.98 (d, 3H), 7.84 (dd, 
15 1H), 7.69 (m, 1H), 7.50-7.68 (m, 3H), 7.10 (s,1H), 5.0 (t, 1H), 4.53 (AB, 2H), 4.08 
(s, 3H), 3.30 (m, 2H), 2.80 (s, 3H), 2.15 (m, 1H), 1.93 (m, 1H). FAB MS, 
[M+H] + =468. Elemental analysis calculated with 1 .5 mmol of TFA and 0.5 mmol 
of H z O: C=48.2%, H=4.28%, N=10.81%, found C=48.16%, H=4.37%, 
N=10.67%. 

20 

EXAMPLE 107 

4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethvl)benzvll-2-oxopvrrolidin-3(SVvllamide bi strifluoroacetate. 

25 A. 4-(6-Methoxypyridin-2-yl)bromobenzene. 

2-Bromo-6-methoxypyridine (3 g, 17 mmol) is treated as described in 
EXAMPLE 53, Part A with n-butyl lithium (10.6 mL of a 1 .6 M solution in THF, 
17 mmol) and iodobromobenzene (4.8 g, 17 mmol). The crude product is 
purified by chromatography (5% EtOAc/hexanes) to obtain the title compound 

30 (2 g, 7.6 mmol). 

El MS, [M] + =263/265. 

B. 4-(6-Methoxypyridin-2-ynbenzene sul fonvl chloride. 
The title compound is prepared from 4-(pyridin-4-yl)-bromobenzene (1.92 g, 
35 7.5 mmol) as described in EXAMPLE 53, Part B. The crude product is purified 
by chromatography to give 4-(6 methoxypyridin-2-yl)benzene sulfonyl chloride. 
El MS, [M] + =283. 
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C. 4-r6-Methoxvpyridin-2-vhbenzene-4-sulfonic acid f1-f3-cvanobenzylV2- 
Qxopyrrolidin -3-(g)-yl]amidg. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
5 ylmethyl)benzonitrile hydrochloride (0.59 g, 2.3 mmol) as in EXAMPLE 24, Part 
B using 4-(6-methoxypyridin-2-yl)benzene sulfonyl chloride (0.63 g, 2.2 mmol) 
in place of 6-methoxynaphthalene-2-sulfonyl chloride. The crude product (1.1 
g, 2.4 mmol) is used without further purification. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.20 (d, 2H), 7.98 (d, 2H), 7.66 (t, 1H), 7.57 (m, 
10 1 H), 7.35-7.45 (m, 4H), 6.88 (d, 1 H), 7.07 (dd, 1 H), 5.36 (bs, 1 H), 4.45 (s, 2H), 
3.78 (t, 1H), 3.21 (m, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

D. 4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid {1-[3- 
faminoiminomethynbenzvn-2-oxopvrrolidin-3fSVyl}amide bistrifluoroacetate. 

15 4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.26g, 0.57 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 100% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

20 provide the title compound as a white solid (0.168 g, 0.24 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 6 8.25 (m, 2H), 7.05 (m, 3H), 7.97 (m, 2H), 7.72 (m, 
2H), 7.54 (m, 4H), 6.78 (d, 1H), 4.51 (AB, 2H), 4.20 (t, 1H), 4.00 (s, 3H), 3.22 (m, 
2H), 2.29 (m, 1H), 1.78 (m, 1H). FAB MS, [M+H] + =480. 

25 EXAMPLE 108 

4-(3-Chloropyridin-2-yloxy)benzene-4-sulfonic acid {1-[3- 
raminoiminomethynbenzyn-2-oxopvrrolidin-3(SWvl}amide triflu oroacetate. 

A. 4-(3-Chloropyridin-2-vloxytoromobenzene. 

30 Bromophenol (3.74 g, 22 mmol) is stirred with 50% sodium hydroxide solution 
(16 mL) for about 1 hour then treated with hexadecyltributylphosphonium 
bromide (3.25 g, 6.4 mmol), 2.3-dichloro-pyridine ( 3.2 g, 21.6 mmol) and 
toluene (15 mL). The mixture is heated to 100°C for 18 hours, cooled and 
diluted with ethyl acetate and water. The organic layer is separated, washed 

35 with dilute NaOH and saturated NaCI, dried (MgS0 4 ) and concentrated. Flash 
chromatography (5% EtOAc/hexanes) yielded the title compound (4.4 g, 15 
mmol). 
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El MS, [M] + = 285. 

B. 4-(3-Chloropyridin-2-vloxv)benzene sulfonyl chloride. 
4-(3-Chloropyridin-2-yloxy)bromobenzene (2 g, 7.03 mmol) is converted to the 
5 title compound as described in EXAMPLE 53, Part B. The crude product, a 
gummy solid, is purified by chromatography (CH 2 CI 2 ) to yield 4-(3- 
chloropyridin-2-yloxy)benzene sulfonyl chloride (0.76 g, 2.5 mmol). 
El MS, [M] + =303. 

10 C 4-(3-Chloropvridin-2-vloxv)benzene sulfonic acid M-{3-cvannbenzyl)-2- 
oxopvrrolidin-3-r sWHamida. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 4-(3- 
chloropyridin-2-yloxy)benzene sulfonyl chloride in place of 6- 
15 methoxynaphthalene-2-sulfonyl chloride. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.07 (d, 1H), 7.96 (d, 2H), 7.82 (d, 1H), 7.58 (m, 
1H), 7.46 (m, 3H), 7.32 (d, 2H), 7.07 (dd, 1H), 5.35 (s, 1H), 4.46 (s, 2H), 3.78 (t, 
1H), 3.21 (dd, 2H), 2.58 (m, 1H), 2.08 (m, 1H). 

20 D. 4-(3-Chloropvridin-2-vloxv^benzene-4-sulfonic acid {1-f3- 

faminoiminomet hvnbenzyl1-2-oxopyrrolidin-3(SVyl}amide trifluoroacetate. 
4-(3-Chloropyridin-2-yloxy)benzene sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.47 g, 0.97 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 

25 by RP-HPLC eluting with a gradient of 15% CH 3 CN/H 2 0 (0.1% TFA) to 70% 

CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.4 g, 0.64 mmol). 
1 H NMR (DMSO-d e , 300 MHz) 5 9.26 (bs, 2H), 9.15 (bs, 2H), 8.16 (d, 1H), 8.05 
(m, 2H), 7.85 (m, 2H), 7.62 (m, 1H), 7.51 (m, 3H), 7.30 (m, 2H), 7.22 (m, 1H), 

30 4.41 (AB, 2H), 4.13 (m, 1H), 3.08 (m, 2H), 2.04 (m, 1H), 1.60 (m, 1H). FAB MS, 
[M+H] + =500. Elemental analysis calculated with 0.5 mmol of H 2 0: C=48.20%, 
H=3.88%, N=11.24%, found C=48.23%, H=3.56%, N=10.97%. 

EXAMPLE 109 
35 4-(N-Oxidopyridin-3-yr>benzene-4-sulfonic acid {1-[3- 

(aminoiminomethvnbenzvn-2-oxopvrrolidin-3rSVvl) amide trifluoroacetate. 
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A. 4-(N-Oxidopvridin-3-vnbenzene sulfonic acid fl-(3-o yanobenzylV2- 
oxopvrrolidin-3-( S)-yl]amide 

4-Pyridin-3-ylbenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.125 g, 0.29 mmol) is treated with m-chlorqperbenzoic acid (0.55 g, 
5 3.2 mmol) in chloroform (4 ml_) for 20 hours. The reaction is diluted with 

methylene chloride, washed with saturated NaHC0 3 and saturated NaCI, dried 
(Na 2 S0 4 ) and concentrated to yield 4-(N-oxypyridin-3-yl)benzene sulfonic acid 
{1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl} amide (0.12 g, 0.27 
mmol). The crude product is used without further purification. 
1 0 1 H NMR (CDCI 3> 300 MHz) 5 8.50 (bs, 1 H), 8.28 (d, 1 H), 8.06 (d, 2H). 7.68 (d, 
2H), 7.36-7.60 (m, 5H), 6.00 (m, 1H), 4.46 (AB, 2H), 3.90 (m, 1H), 3.25 (m, 2H), 
2.60 (m, 1H), 2.08 (m, 1H). FAB MS, [M+H] + =449. 

B. 4-(N-Oxidopyridin-3-ynbenzene-4-sulfonic acid {1-[3- 

15 faminoiminomethvnbenzvl1-2-oxopyr rolidin-3fSVyl) amide trifluoroacetate. 
4-(N-Oxidopyridin-3-yl)benzene-4-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.12 g, 0.27 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 

20 CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.045 g, 0.07 mmol). 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.26 (bs, 2H), 9.00 (bs, 2H), 8.62 (m, 1H), 8.38 
(m, 2H), 7.94 (m, 4H), 7.65 (m, 2H), 7.50 (m, 4H), 4.40 (AB, 2H), 4.13 (m, 1H), 
3.10 (m, 2H), 2.05 (m, 1H), 1.59 (m, 1H). FAB MS, [M+H] + =466. 

25 

EXAMPLE 110 

4-Phenoxybenzene-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(SVyl} amide trifluoroacetate. 

30 A. 4-Phenoxybenzene sulfonyl chloride. 

4-(Phenoxy)bromobenzene (6 g, 24 mmol) is converted to the title compound 
as described in EXAMPLE 53, Part B. The final suspension is concentrated 
and the residue is purified by chromatography (2% ether/hexane) to yield 4- 
phenoxybenzene sulfonyl chloride (3.92 g, 14.6 mmol). 

35 El MS, [M] + =468. 
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B. 4-Ph$no xybenzene sulfonic acid M-(3-cvanobenzyn-2-oxopvrrolidin-3-(SV 
yl]amidg. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride (0.35 g, 1.39 mmol) as in EXAMPLE 24, 
5 Part B using 4-phenoxybenzene-4-sulfonyl chloride (0.38 g, 1 .41 mmol) in 
place of 6-methoxynaphthalene-2-sulfonyl chloride. Standard work-up and 
chromatography gave 4-phenoxybenzene sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.37 g, 0.83 mmol). The crude product is 
triturated with hexane/ether and used without further purification. 
1 0 1 H NMR (CDCI 3 , 300 MHz) 8 7.86 (d, 2H), 7.63 (d, 1 H), 7.40-7.50 (m, 5H), 7.22 
(t, 1H), 7.09 (t, 4H), 5.24 (s, 1H), 4.47 (AB, 2H), 3.77 (t, 1H), 3.20 (dd, 2H), 2.58 
(m, 1H), 2.09 (m, 1H). FAB MS, [M+H] + =447. 

C. 4-Phenoxvbe nzene sulfonic acid (1-r3-faminoiminomethvnbenzyl1-2- 
15 oxopvrrolidin-3(SVvl}amid e trifluoroacetate. 

4-Phenoxybenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.37 g, 0.83 mmol) is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 25% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN and the appropriate 
20 product fractions are lyophilized to provide the title compound as a white solid 
(0.25 g, 0.426 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 8 7.78 (d, 2H), 7.55-7.75 (m, 4H), 7.40 (t, 2H), 
7.23 (t, 1H), 7.07 (m, 4H), 4.42 (AB, 2H), 4.14 (t, 1H), 3.25 (m, 2H), 2.25 (m, 1H), 
1.87 (m, 1H). FAB MS, [M+H] + =465. Elemental analysis calculated with 1 mmol 
25 of TFA and 0.5 mmol of H 2 0: C=53.15%, H=4.46%, N=9.50%, found 
C=53.10%, H=4.21%, N=9.40%. 

EXAMPLE 1 1 1 

7-Methoxv-2-napthalenesulfonic acid n-r 3-(aminoiminomethvnbenzvl1-2-oxo- 
30 3fSVpyrrolidin-3-vlUthiophene-3-vlmethynamide trifluoroacetate. 

A. 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyh-2-ox opyrrolidin-3- 
(S)-yl](thiQphgne-3-ylmethyl)amide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
35 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.193 g, 0.44 mmol), prepared as described in EXAMPLE 43, part A, 
and thiophen-3-ylmethyl bromide (0.30 g, 1.68 mmol). The crude product is 
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triturated with hexane/ether and used without further purification (0.25 g, 0.48 
mmol). 

1 H NMR (CDCI 3 , 300 MHz) 6 8.45 (s, 1H), 7.94 (AB, 2H), 7.80 (d, 1H), 7.06 (d, 
1H), 7.40-7.65 (m, 2H), 7.18-7.32 (m, 4H), 7.05-7.13 (m, 2H), 4.4-4.6 (m, 3H), 
5 4.38 (AB, 2H), 3.93 (s, 3H), 3.07 (m, 2H), 2.27 (m, 1 H), 1 .99 (m, 1 H). FAB MS, 
[M+H] + =532. 

B. 7-Methoxv-2-napthalene sulfonic acid f1-r3-faminoiminomethvnbenzyl]-2- 
oxo-3(SVDvrrolid in-3-yl}(thiophene-3-vlmethvnamide trifluoroacetate. 

10 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](thiophen-3-ylmethyl)amide (0.25 g, 0.48 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 100% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

15 provide the title compound as a white solid (0.150 g, .0.218 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 8 8.48 (s, 1H), 7.97 (d, 1H), 7.88 (m, 2H), 7.6-7.72 
(m, 4H), 7.43 (d, 1H), 7.30 (m, 2H), 7.24 (bs,1H), 6.98 (d, 1H), 4.69 (t, 1H), 
4.52(AB, 2H), 4.45 (AB, 2H) 3.93 (s, 3H), 3.22 (m, 2H), 2.23 (m, 1H), 2.02 (m, 
1H). FAB MS, [M+H] + =549. Elemental analysis calculated with 1 mmol of H 2 0 

20 cal. C=52.93 %, H=4.59%, N=8.23%, found C=52.68%, H=4.51%, N=7.97%. 



EXAMPLE 112 

6-Methoxvnaphthalene-2-sul fonic acid {1-r3-(methoxvaminoiminomethyn- 
benzvl1-2-oxopyrr olidin-3-(SWIl-methylamide trifluoroacetate. 

25 6-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-methylamide, prepared as described in EXAMPLE 25, Part A, (0.096 g, 
0.21 mmol) is dissolved in 15 mL of a 2:1 mixture of EtOH/CH 2 CI 2 . The solution 
is cooled to 0°C and HCI gas is bubbled through the solution for 10 minutes. 
The ice bath is removed and the reaction mixture is stirred at room temperature 

30 for 18 hours. After this time, the solution is concentrated and pumped under 
high vacuum until dry. The residue is dissolved in 10 mL of ethanol, and 
treated -h methoxyamine hydrochloride (0.18 g, 2.14 mmol) and 
triethyla ,;ne (0.24 g, 2.38 mmol). The reaction mixture is stirred at room 
temperature for 24 hours and diluted with ethyl acetate. The organic layer is 

35 washed with water and brine dried (Na 2 S0 4 ) and concentrated. The residue is 
purified by flash chromatography eluting with a gradient of 0.25% 
MeOH/CH 2 CI 2 to 1% MeOH/CH 2 CI 2 . The appropriate product fractions are 
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collected, concentrated and converted to the TFA salt to give the title 
compound (0.41 g, 0.19 mmol) as an amorphous white solid. 
1 H NMR (CDCI 3> 300 MHz) 8 8.39 (s, 1 H), 7.89 (d, 1 H), 7.78 (m, 2H), 7.58 (m, 
2H), 7.30 (m, 4H), 6.20 (bs, 2H), 4.88 (t, 1H), 4.42 (AB, 2H), 3.92 (m, 3H), 3.90 
5 (m, 3H), 3.21 (m, 2H), 2.75 (m, 3H), 2.22 (m, 1 H), 1 .95 (m, 1 H). FAB MS, 
[M+H] + =497. Elemental analysis calculated with 1 .7 mmol of H 2 0 cal. 
C=50.57%, H=5.09%, N=8.74%, found C=50.58%, H=4.55%, N=8.29%. 

EXAMPLE 113 

10 6-MethoxvnaPhthalene-2-sulfonic acid (1-r3-fcvannaminoiminomethvnban7yl]. 
2-oxoDvrrolidin-3-rSWIlmethvla mide trifluoroacetate 
6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methylamide (0.2 g, 0.4 mmol), prepared as described in 
EXAMPLE 25, Part B, is dissolved in ethanol (10 mL), and treated with triethyl 

15 amine (0.202 g, 2 mmol) and cyanogen bromide (0.4 mL of a 5 M solution, 2 
mmol) portionwise over 48 hours. The solution is cooled during the addition of 
reagents. Upon completion (TLC analysis) the solution is concentrated and the 
residue purified by chromatography (5% MeOH/CH 2 CI 2 ), followed by RP-HPLC 
eluting with a gradient of 20% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN/H 2 0 

20 (0.1% TFA). The title compound is isolated as a white solid (0.043 g, 0.086 
mmol). 

1 H NMR (CD 3 OD, 300 MHz) 5 8.42 (s, 1H), 7.97 (d, 1H), 7.85 (d, 1H), 7.72 (m, 
3H), 7.42 (m, 3H), 7.30 (d, 1H), 5.00 (m, 1H), 4.48 (AB, 2H), 3.92 (s, 3H), 3.24 
(m, 2H), 2.10 (m, 1H), 1.85 (m, 1H). FAB MS, [M+H] + =492. Elemental analysis 
25 calculated with 0.6 mmol of H 2 0 cal. C=59.77%, H=5.26%, N=13.94%, found 
C=59.75%, H=4.96%, N=13.84%. 

EXAMPLE 114 

6-Methoxvnaphthalene-2-sulf onic acid {H3-mvdroxvaminoiminomethvn- 
30 benzvn-2-oxopvrrolidin-3- (SVvl}-methylamide trifluoroacetate. 

6-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]methylamide, prepared as described in EXAMPLE 25, Part A, (0.10 g, 
0.22 mmol) is dissolved in 10 mL of methanol, treated with Hydroxylamine 
35 hydrochloride (0.078 g, 1.1 mmol) and I^CO., (0.154 g, 1.1 mmol) and heated 
to reflux for 18 hours. The solution is cooled, concentrated and the residue 
purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
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100% CH 3 CN/H 2 0 (0.1% TFA). The title compound is isolated as a white solid 
(0.080 g, 0.126 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 8 8.46 (s, 1H), 8.05 (d, 1H), 7.90 (d, 1H), 7.78 (dd, 
1H), 7.62 (m, 3H), 7.58 (m, 1H), 7.50 (m, 1H), 7.38 (dd, 1H), 5.00 (t, 1H), 4.58 (s, 
5 2H), 3.95 (s, 3H), 3.30 (m, 2H), 2.70 (s, 3H), 2.20 (m, 1 H), 1 .95 (m, 1 H). FAB 
MS, [M+H] + =483. Elemental analysis calculated with 2.1 mmol of H 2 0 cal. 
C=48.22%, H=4.90%, N=8.83%, found C=48.86%, H=4.30%, N=8.61%. 

EXAMPLE 115 

10 4-Amino-3-r3-fS)-(7-m ethoxynaphthalane-2-sulfonylamino>-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihydrochloride. 

A. 4-Amino-3-methvlbenzonitrile. 

To a solution of 3-methyl-4-nitrobenzonitrile (2 g, 12.3 mmol) in 100 ml_ of 
15 EtOH is added SnCI 2 (13.9 g, 61.7 mmol). The resulting solution is refluxed. 
After 2 hours, the solution is cooled to ambient temperatures. The solution is 
poured into 150 ml_ of ice water. The pH of the solution is adjusted to >7 with a 
solution of saturated NaHC0 3 . The solution is diluted with EtOAc and the 
resulting mixture is filtered through Celite. The filtered solution is separated. 
20 The organic layer is dried over MgS0 4 , filtered and concentrated to give the 
title compound (1 .57 g, 8.7 mmol) as an off-white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.30 (m, 2H), 6.63 (d, 1H), 4.10 (bs, 2H), 2.15 (m, 
2H). El MS, [M] + =132. 

25 B. 4-(Benzhydrylidenylamino)-3-methylbenzonitrile. 

To a solution of 4-amino-3-methybenzonitrile (1.2 g, 9.08 mmol) in 75 mL of 
toluene is added benzophenone (1.74 g, 9.53 mmol) and p-toluenesulfonic 
acid (0.43 g, 2.1 mmol). The reaction vessel is fitted with a Dean-Stark trap 
and the solution is heated to reflux. After 24 hours, the solution is cooled to 

30 ambient temperatures. The solution is concentrated. The crude material is 
purified by column chromatography eluting with a gradient of 3% 
EtOAc/hexanes to 10% EtOAc/hexanes. The title compound (2.43 g, 8.2 mmol) 
is obtained as an oil. 

1 H NMR (CDCI3, 300 MHz) 8 7.80 (m, 2H), 7.40 (m, 6H), 7.30 (s, 1H), 7.15 (d, 
35 1 H), 7.05 (bs, 2H), 6.50 (d, 1 H), 2.20 (s, 3H). El MS, [M] + =296. 



C. 4-(Benzhydrylidenvla minoV3-bromomethylbenzonitrile. 
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To a solution of 4-(benzhydrylidenylamino)-3-methyIbenzonitrile (1.36 g, 4.27 
mmol) in 40 mL of CCI 4 is added N-bromosuccinimide (0.84 g, 4.7 mmol) and 
benzoyl peroxide (0.22 g, 0.64 mmol). The solution is refluxed for 16 hours. 
The solution is cooled to ambient temperatures. The solution is diluted with 
5 CH 2 CI 2 . The solution is washed with 1 N NaOH and saturated NaCI. The 
organic layer is dried over MgS0 4> filtered and concentrated. The crude 
material is purified by column chromatography eluting with a gradient of 5% 
EtOAc/ hexanes to 10% EtOAc/hexanes. The title compound (0.91 g, 2.43 
mmol) is obtained as an oil. 
10 1 H NMR (CDCI 3 , 300 MHz) 87.80 (m, 2H), 7.60 (d, 1H), 7.35 (m, 8H), 7.15 (dd, 
1H), 6.35 (d, 1H), 4.55 (s, 2H). El MS, [M] + =374. 

D. (1-r2-fBenzhvdrvlidenvlaminoV5-cyano-b enzvlV2-oxopvrrolidin>3-yl}- 
carbamic acid tert- butvl ester. 

15 The title compound is prepared as described in EXAMPLE 23, Part B 
substituting 4-(benzhydrylidenylamino)-3-bromomethylbenzonitrile for 
oc-bromo-m-toluyl nitrile. The crude material is purified by column 
chromatography eluting with a gradient of 30% EtOAc/ hexanes to 40% 
EtOAc/hexanes. The title compound is obtained as a yellow solid. 

20 1 H NMR (CDCI3, 300 MHz) 8 7.70 (bs, 2H), 7.40 (s, 1 H), 7.38 (bs, 6H), 7.30 (d, 
1H), 7.15 (bs, 2H), 6.48 (d, 1H), 5.00 (d, 1H, 4.45 (AB, 2H), 4.15 (m, 1H), 3.30 
(m, 2H), 2.61 (m, 1H), 1.90 (m, 1H), 1.45 (s, 9H). 

E. 7-Methoxvnaphthalene-2-sulfonic acid [1-(2-amino-5 -cyanobenzyn-2- 
25 oxopyrrolidin-3-yl]amide. 

Hydrogen chloride gas is bubbled through a solution of {1-[2- 
(benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid 
tert-butyl ester (0.70 g, 1.42 mmol) in 75 mL of EtOAc at 0°C for 5 minutes. 
After 1 hour, the solution is concentrated. The resulting residue is dissolved in 

30 50 mL of CH 3 CN. To the solution is added triethyl amine (0.79 mL, 5.68 mmol) 
and 7-methoxynaphthalene sulfonyl chloride (0.38 g, 1.49 mmol). After 5 
hours, the reaction mixture is diluted with EtOAc. The resulting solution is 
washed with saturated NaHC0 3 and saturated NaCI. The organic layer is dried 
over MgS0 4 , filtered and concentrated. The crude material is purified by 

35 column chromatography eluting with 5% CH 3 OH/CH 2 CI 2 . The title compound 
(0.60 g, 1.21 mmol) is obtained as a yellow solid. 
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1 H NMR (CDCI 3I 300 MHz) 5 8.30 (s, 1H), 7.90 (d, 1H), 7.80 (d, 1H), 7.70 (d, 
1H), 7.35 (m, 4H), 6.55 (d, 1H), 5.25 (d, 1H), 4.90 (s, 2H), 4.30 (AB, 2H), 3.95 (s, 
3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.55 (m, 1H), 2.00 (m, 1H). 

5 F 4-Amino-3-r3-(SVr7-methoxynaDhthalene-2-sulfQnvlaminoV2-oxoDvrrolidin- 
1 -yl-methyl]benzamidine dihydrochloride. 

7-Methoxynaphthalene-2-sulfonic acid [1-(2-amino-5-cyano-benzyl)-2- 
oxopyrrolidin-3-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 

1 0 gradient of 1 0% CH 3 CN/H 2 0 to 60% CH 3 CN/H 2 0 and the appropriate product 
fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 6 8.80 (bs, 2H), 8.45 (bs, 2H), 8.35 (s, 1H), 8.10 
(d, 1H), 8.00 (d, 1H), 7.90 (d, 1H), 7.70 (dd, 1H), 7.50 (m, 2H), 7.40 (d, 1H), 7.35 
(dd, 1H), 6.70 (d, 1H), 6.20 (bs, 2H), 4.15 (AB, 2H), 4.10 (m, 1H), 3.90 (s, 3H), 

15 3.12 (m, 2H), 1.98 (m, 1H), 1.55 (m, 1H). Elemental analysis calculated with 2 
mmol of H 2 0 cal. C=47.92%, H=5.42%, N=12.15%, found C=48.00%, 
H=5.27%, N= 12.29%. 

EXAMPLE 116 

20 4-Amino-3-[3-(SW7-methoxynaphthalene-2-sulfonvl-methylamino'l-2- 
oxopvrrolidin-1 -yl-methvl]benzamidine trifluoroacetate. 

A. {1-[2-fBenzhvdrvlidenvlaminoV5-cvano-benzyl1-2-oxopvrrolidin-3-vl}-N- 
methvlcarbamic acid tert-butvl ester. 

25 To a solution of {1-[2-(benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin- 
3-yl}carbamic acid tert-butyl ester (3.94 g, 7.98 mmol) in 8 mL of DMF at 0°C is 
added a 60% mineral oil dispersion of NaH (0.35 g, 8.77 mmol). After 20 
minutes, methyl iodide (0.99 mL, 15.9 mmol) is added. After 2 hours, the 
solution is diluted with saturated NH 4 CI and EtOAc. The layers are separated. 

30 The organic layer is washed with H 2 0 and saturated NaCI. The organic layer is 
dried over MgS0 4 , filtered and concentrated. The crude material is purified by 
column chromatography eluting with a gradient of 30% EtOAc/ hexanes to 50% 
EtOAc/hexanes. The title compound (3.72 g, 7.31 mmol) is obtained as a 
yellow solid. 

35 1 H NMR (CDCI 3 , 300 MHz) 5 7.70 (bs, 2H), 7.45 (m, 8H), 7.10 (bs, 2H), 6.45 (dd, 
1H), 4.70 (m, 1H), 4.49 (AB, 2H), 3.30 (m, 2H), 2.83 (s, 3H), 2.35 (m, 1H), 2.10 
(m, 1H), 1.50 (s, 9H). FAB MS, [M+H] + =509. 
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B. 7-MethQxynaphth 9lene-2-su l fo nic acid ri- f 2-amino-5-cvanobenyyl)-P- 
oxoDvrrolidin-3-vnmethvlamidfi. 

The title compound is prepared as described in EXAMPLE 115, Part E 
5 substituting {1-[2-(benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3- 
yl}-N-methyicarbamic acid tert-butyl ester for {1-[2-(benzhydrylidenylamino)-5- 
cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid tert-butyl ester. The title 
compound is obtained as a yellow solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.38 (s, 1H), 7.87 (d, 1H), 7.78 (d, 1H), 7.72 (dd, 
10 1 H), 7.32 (dd, 1 H), 7.30 (dd, 1 H), 7.28 (d, 1 H), 7.23 (dd, 1 H), 6.55 (d, 1 H), 4.98 
(s, 2H), 4.25 (AB, 2H), 4.15 (m, 1H), 3.98 (s, 3H), 3.20 (m, 2H), 2.70 (s, 3H), 
1.95 (m, 1H). 

C. 4-Amino-3-r3-rSVf7-methox ynaphthalene-2-sulfonvlmethvlaminoV2- 
15 oxopvrrolidin-1 -vlmethyll benzamidine trifluoroacetate 

7-Methoxynaphthalene-2-sulfonic acid [1 -(2-amino-5-cyano-benzyl)-2- 
oxopyrrolidin-3-yl]methylamide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/ H 2 0 (0.1% TFA) and 
20 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 8.90 (bs, 2H), 8.75 (bs, 2H), 8.40 (s, 1H), 8.050 
(d, 1H), 7.95 (d, 1H), 7.70 (dd, 1H), 7.60 (d, 1H), 7.55 (dd, 1H), 7.48 (d, 1H), 
7.39 (dd, 1H), 6.70 (d, 1H), 6.00 (bs, 1H), 4.98 (m, 1H), 4.20 (AB, 2H), 3.90 (s, 
25 3H), 3.15 (m, 2H), 2.67 (s, 3H), 2.05 (m, 1H), 1.70 (m, 1H). FAB MS, 
[M+H] + =482. Elemental analysis calculated with 1 .3 mmol of H 2 0 cal. 
C=50.49%, H=4.98%, N=11.32%, found C=50.50%, H=4.50%, N=10.99%. 

EXAMPLE 117 

30 N-f4-Carbamimidoyl-2-{3-rf7-methox vnaphthalene-2-sulfonynmethylamino]-2- 
oxopvrrolidin-1-(SWImethyl}phenynacetam ide trifluroacetate. 

A. N-(4-Cvano-2-(3-f(7-methoxynaphthalen e-2-sulfonynmethylamino]-2- 
oxopyrrolidin-1-ylmethyl}phenyl)acetamide. 
35 To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(2-amino-5-cyano- 
benzyl)-2-oxopyrrolidin-3-yl]methylamide (0.28 g, 0.61 mmol), prepared as 
described in EXAMPLE 116, Part B, in 25 mL of CH 2 CI 2 is added triethyl amine 
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(0.25 ml_, 1.81 mmol), dimethylamino pyridine (0.01 g, 0.061 mmol), and acetyl 
chloride (0.43 g, 6.05 mmol). The solution is heated to 60°C. After 16 hours, 
The solution is cooled to ambient temperatures and diluted with EtOAc. The 
solution is washed with saturated NaHC0 3 and saturated NaCI. The organic 
5 layer is dried over MgS0 4 , filtered and concentrated. The crude material is 
purified by column chromatography eluting with 20% EtOAc/CH 2 CI 2 . The title 
compound (0.232 g, 0.49 mmol) is obtained as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 6 9.50 (S, 1H), 8.50 (d, 1H), 8.30 (s, 1H), 7.89 (d, 
1H), 7.80 (d, 1H), 7.76 (dd, 1H), 7.60 (d, 1H), 7.40 (d, 1H), 7.20 (m, 2H), 4.90 
10 (m, 1 H), 4.30 (AB, 2H), 3.90 (s, 3H), 3.30 (m, 2H), 2.75 (s, 3H), 2.35 (m, 1 H), 
2.05 (m, 1H), 1.90 (s, 3H). 

B. N-(4-Carbamimidoyl-2-{3-ff7-methoxvnaphthalene-2-sulfonyhmethyl- 
amino]-2-oxopyrrolidin-1-rS^-ylmethvl}phe nynacetamide trifluroacetate. 

15 N-(4-Cyano-2-{3-[(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 

oxopyrrolidin-1-ylmethyl}phenyl)acetamide is converted to the title compound 
as described in EXAMPLE 24, Part C. The crude product is purified by RP- 
HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/ 
H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

20 provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.70 (s, 1H), 9.23 (bs, 2H), 9.00 (bs, 1H), 8.40 
(s, 1H), 8.00 (d, 1H), 7.98 (d, 1H), 7.70 (m, 2H), 7.60 (m, 2H), 7.35 (dd, 1H), 
4.97 (m, 1H), 4.40 (AB, 2H), 3.90 (s, 3H), 3.20 (m, 2H), 2.68 (s, 3H), 2.10 (m, 
1H), 2.00 (s, 3H), 1.80 (m, 1H). FAB MS, [M+H] + =524. Elemental analysis 

25 calculated with 1.5 mmol of H 2 0 cal. C=50.60%, H=5.00%, N=10.54%, found 
C=50.48%, H=4.61%, N=10.17%. 

EXAMPLE 118 

4-Amino-3-[3-(£ (4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1-yl- 
30 methvllbenzamidine trifluoroacetate. 

A. 4-tert-Butylbenzene-2-sulfonic acid [1-(2-amino-5-cyano-benzyl)-2- 
oxopyrrolidin-3-vllamide. 

The title compound is prepared as described in EXAMPLE 1 1 5, Part E, using 
35 tert-butyl sulfonyl chloride in place of 7-methoxynaphthalene sulfonyl chloride. 
The title compound is obtained as a yellow solid. 
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1 H NMR (CDCI„ 300 MHz) 8 7.80 (d, 2H), 7.55 (d, 2H), 7.35 (dd, 1H), 7.25 (d, 
1H), 6.60 (d, 1H), 5.15 (s, 1H), 4.90 (s, 2H), 4.28 (AB, 2H), 3.75 (m, 1H), 3.20 
(m, 2H), 2.55 (m, 1H), 2.03 (m, 1H), 1.30 (s, 9H). 

5 B. 4-Amino-3-r3-(SVr4-tert-butylbfi rizenesulfonvlaminoV2-oxoDvrrolidin-1-yl- 
methvllbanzamirti ne trifluoroacetate, 

4-tert-Butylbenzene-2-sulfonic acid [1-(2-amino-5-cyanobenzyl)-2- 
oxopyrrolidin-3-yl]amide is converted to the. title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
1 0 gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/ H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 8.80 (s, 1H), 8.30 (bs, 2H), 8.05 (d, lri), f.&0 
(d, 2H) r 7.60 (d, 2H), 7.50 (d, 1H), 7.40 (s, 1H), 6.70 (d, 1H), 6.20 (bs, 2H), 4.20 
15 (AB, 2H), 4.10 (m, 1H), 3.15 (m, 2H), 2.05 (m, 1H), 1.50 (m, 1H), 1.25 (s, 9H). 
FAB MS, [M+H] + =444. Elemental analysis calculated with 0.5 mmol of excess 
TFA cal. C=48.86%, H=5.00%, N=11.39%, found C=49.10%, H=5.21%, 
N= 11.56%. 



20 EXAMPLE 119 

3-Amino-5-r3-(vS)-(7-methoxvnaphthalen6-2 -sulfQnvlaminoV2-oxopyrrolidin-1- 
vl-methvllbenzamidine histriflii oroacetate. 

A. 3-Amino-5-methvlbenzonitrilft 
25 The title compound is prepared as described in EXAMPLE 1 15. Per! A s^ing 3- 
methyl-5-nitro-benzonitrile as the starting material. 

1 H NMR (CDCI 3 , 300 MHz) 6 6.83 (s, 1H), 6.70 (s, 1H), 6.68 (S, 1H), 3.70 (bs, 
2H), 2.30 (s, 3H). 



30 B. 3-(Ben zhvdrvlidenvlaminoV5-methvlben?onitrilft 

The title compound is prepared as described in EXAMPLE 115, Part B, using 
3-amino-5-methylbenzonitrile in place of 4-amino-3-methylbenzonitrile. 
1 H NMR (CDCIg, 300 MHz) 5 7.73 (d, 2H), 7.45 (m, 2H), 7.30 (m, 4H), 7.05 (dd, 
2H), 7.00 (s, 1H), 6.78 (s, 2H), 6.71 (s, 1H), 2.20 (s, 3H). El MS, [M] + =296. 

35 

C 3-(BenzhvdrvlidenvlaminQ V5-brQmomethvlbenzQnitrilfi. 



WO 96/40679 



169 



PCT/US96/09816 



The title compound is prepared as described in EXAMPLE 1 15, Part C using 3- 
(benzhydrylidenylamino)-5-methylbenzonitrile as the starting material. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.75 (d, 2H), 7.50 (m, 1 H), 7.40 (m, 2H), 7.30 (m, 
4H), 7.05 (m, 2H), 6.95 (s, 1H), 6.89 (s, 1H), 4.30 (s, 2H). El MS, [M] + =374. 

5 

D. {1-r3-(Benzhydrylidenylamino)-5-cyano-benzyl]-2-oxQpyrrolidin-3-yl}- 
carbamic acid tert-butyl ester. 

The title compound is prepared as described in EXAMPLE 23, Part B 
substituting 3-(benzhydrylidenylamino)-5-bromomethylbenzonitrile for a- 

10 bromo-m-toluyl nitrile. The crude material is purified by column 

chromatography eluting with a gradient of 30% EtOAc/ hexanes to 40% 
EtOAc/hexanes. The title compound is obtained as a yellow solid. 
1 H NMR (CDCI3, 300 MHz) 8 7.75 (d, 2H), 7.50 (m, 1H), 7.40 (m, 2H), 7.30 (m, 
4H), 7.10 (m, 1H), 6.95 (s, 1H), 6.65 (s, 1H), 5.10 (bs, 1H), 4.30 (AB, 2H), 4.05 

15 (m, 1 H), 3.85 (m, 2H), 2.55 (m, 1 H), 1 .75 (m, 1 H), 1 .40 (s, 9H). El MS, [M] + =495. 

E. 7-Methoxvnaphthalene-2-sulfonic acid ri-f3-benzhvdrvlidenvlamino-5- 
cvanobenzvn-2-oxopvrrolidin-3-vHamide. 

The title compound is prepared as in EXAMPLE 1 15, Part E, substituting {1-[3- 
20 (benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid 
tert-butyl ester for {1-[2-(benzhydrylidenylamino)-5-cyanobenzyl]-2- 
oxopyrrolidin-3-yl}carbamic acid tert-butyl ester. 

1 H NMR (CDCI3, 300 MHz) 8 8.35 (s, 1H), 7.90 (d, 1H), 7.80 (d, 1H), 7.75 (dd, 
1H), 7.70 (d, 2H), 7.50 (m, 1H), 7.40 (m, 2H), 7.25 (m, 5H), 7.00 (m, 4H), 6.55 (s, 
25 1 H), 5.25 (s, 1 H), 4.25 (AB, 2H), 3.95 (s, 3H), 3.65 (m, 1 H), 2.80 (m, 2H), 2.45 
(m, 1H), 1.95 (m, 1H). FAB MS, [M+H] + =615. 

EL 3-Amino-5-r3-fS)-(7-methoxvnaDhthalene-2-sulfonvlaminoV2-oxoDvrrolidin- 
1-vl-methvnbenzamidine bistrifluoroacetate. 

30 7-Methoxynaphthalene-2-sulfonic acid [1-(3-benzhydrylidenylamino-5-cyano- 
benzyl)-2-oxopyrrolidin-3-yl]amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/ H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to preside the 

35 title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.15 (s, 1H), 9.00 (bs, 2H), 8.35 (s, 1H), 8.20 (d, 
1H), 8.05 (d, 1H), 7.95 (d, 1H), 7.70 (dd, 1H), 7.60 (d, 1H), 7.20 (dd, 1H), 6.70 
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(s, 1H), 6.65 (s, 1H), 6.60 (s, 1H), 5.80 (bs, 2H), 4.20 (AB, 2H), 4.10 (m, 1H), 
3.90 (s, 3H), 3.00 (m, 2H), 2.00 (m, 1H), 1.50 (m, 1H). FAB MS, [M+H] + =468. 
Elemental analysis calculated with 1 mmol of excess TFA cal. C=43.02%, 
H=3.49%, N=8.65%, found C=43.51%, H=3.82%, N=8.89%. 

5 

EXAMPLE 120 

f4-(Aminoiminomethvn-2-f3-f7-methoxvnaphthalene-2-sulfonvlamino)-2- 
oxopvrrolidin-1-vlmethyl]phenoxy}acetic acid methvl ester trifluoroacetate. 

10 A. 4-Hvdroxv-3-methvlbenzonitrile. 

To a solution of 4-bromo-3-methylbenzonitrile (7.07 g, 36.1 mmol) in 225 ml_ of 
THF at -78°C is added a 1.7 M solution of tert-butyl lithium (45.6 mL, 77.6 
mmol) in pentane. After 5 minutes, CuBrSMe 2 (15.9 g, 77.6 mmol) is added. 
The resulting solution is stirred for 10 minutes, then 0 2 is slowly bubbled 

1 5 through the reaction mixture for 30 minutes. After this time, the solution is 
allowed to warm to ambient temperatures. The solution is stirred for 16 hours. 
The solution is then poured into 100 mL of H 2 0. The solution is diluted with 
EtOAc. The layers are separated. The organic layer is washed with saturated 
NH 4 S0 4 solution. The organic layer is then extracted with 10 N NaOH. The 

20 collected aqueous basic layers are acidified to pH=6 with 6N HCI. The solution 
is then extracted with EtOAc. The combined organic layers are dried over 
MgS0 4 , filtered and concentrated. The title compound is obtained as a so'id. 
1 H NMR (CDCI 3 , 300 MHz) 5 9.00 (s, 1H), 7.45 (s, 1H), 7.40 (d, 1H), 6.8C (d, 
1H), 2.26 (s, 3H). El MS, [M] + =133. 

25 

B. f4-Cvano-2-m ethvlDhenoxvtecetic acid methvl ester. 
Methyl bromoacetate (0.56 mL, 5.92 mmol) is added to a solution of phenol 
(0.70 g, 5.29 mmol), KgCOg (1.6 g, 11.6 mmol) and tetrabutyl ammonium iodide 
(0.57 g, 1.53 mmol) in 30 mL of DMF. The resulting solution is heated to 80°C 

30 for 16 hours. The solution is then cooled to ambient temperatures. The 

solution is diluted with EtOAc. The resulting solution is washed with H 2 0 and 
saturated NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The crude product is purified by column chromatography eluting 
with a gradient of 10% EtOAc/hexanes to 50% EtOAc/hexanes to afford the title 

35 compound (1 .4 g, 0.8 mmol). 

1 H NMR (CDCI 3 , 300 MHz) 8 7.45 (m, 2H), 6.70 (d, 1H), 4.68 (s, 2H), 3.80 (s, 
2H), 2.25 (S, 3H). El MS, [M] + =205. 
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C. (2-Bromomethvl-4-cvanop henoxvtecetic acid methvl ester. 
The title compound is prepared as described in EXAMPLE 115, Part C, 
substituting (4-cyano-2-methylphenoxy)acetic acid methyl ester for 
5 4-(benzhydrylidenylamino)-3-methylbenzonitrile. The title compound is 
obtained as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.65 (d, 1H), 7.55 (dd, 1H), 6.80 (d, 1H), 4.80 (s, 
2H), 4.55 (s, 2H), 3.80 (s, 3H). El MS, [M] + =283. 

10 D. r2-f3-t ert-Butvoxvcarbonylamino-2-oxopvrrolidin-1-ylmethvh-4-cvano- 
phenoxy]acetic acid methvl ester. 

The title compound is prepared as described in EXAMPLE 23, Part B, 
substituting (2-bromomethyl-4-cyanophenoxy)acetic acid methyl ester for 
oc-bromo-m-toluylnitrile. The title compound is obtained as a white solid. 
15 1 H NMR (CDCI 3 , 300 MHz) 8 7.55 (m, 2H), 6.78 (d, 1H), 5.10 (bs, 1H), 4.70 (s, 
2H), 4.55 (AB, 2H), 4.15 (m, 1H), 3.80 (s, 3H), 3.20 (m, 2H), 2.60 (s, 2H), 1.90 
(m, 1H), 1.58 (s, 9H). 

E. (4-Cvano-2-r3 -f7-methoxvnaDhthalene-2-sulfonvlaminoV2-oxopvrrolidin-1 - 

20 vlmethvnphenoxvtecetic acid methvl ester. 

The title compound is prepared as described in Example 115, Part E 
substituting (2-bromomethyl-4-cyanophenoxy)acetic acid methyl ester for {1-[2- 
(benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid 
tert-butyl ester. The title compound is obtained as a white foam. 

25 1 H NMR (CDCI3, 300 MHz) 8 8.35 (s, 1 H), 7.90 (d, 1 H), 7.75 (dd, 1 H), 7.55 (dd, 
1H), 7.42 (d, 1H), 7.30 (dd, 1H), 7.20 (m, 1H), 6.70 (d, 1H), 5.40 (d, 1H), 4.65 (s, 
2H), 3.95 (s, 3H), 3.70 (m, 1H), 3.20 (m, 2H), 2.50 (m, 1H), 2.05 (m, 1H). FAB 
MS, [M+H] + =524. 

30 F. (4-(Ami noiminomethvn-2-r3-(7-methoxvnaphthalene-2-sulfonvlaminoU2- 
oxopvrrolidin-1-vlmethvllDhenoxv)acetic acid m ethvl ester trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 32, Part C, 
substituting {4-cyano-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
oxopyrrolidin-1 -ylmethyl]-phenoxy}acetic acid methyl ester for of 7- 

35 benzyloxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide. The title compound is obtained as a white solid. 
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1 H NMR (DMSO-d 6( 300 MHz) 8 9.00 (bs, 4H), 8.30 (s, 1H), 7.97 (d, 1H),7.90 
(d, 1H), 7.65 (m, 2H), 7.50 (s, 1H), 7.37 (s, 1H), 7.25 (dd, 1H), 7.10 (d, 1H), 4.95 
(AB, 2H), 4.30 (AB, 2H), 4.05 (m, 1H), 3.80 (s, 3H), 3.60 (s, 3H), 3.15 (m, 2H), 
1.95 (m, 1H), 1.55 (m, 1H). FAB MS, [M+H] + =541. Elemental analysis 
5 calculated with 3.4 mmol of H 2 0 cal. C=46.98%, H=5.04%, N=7.83%, found 
C=46.99%, H=4.84%, N=8.10%. 

EXAMPLE 121 

(4-fAminoiminomethvn-2-r3-f7 -methoxynaphthalene-2-sulfonvlaminoV2- 
10 oxopyrrolidin-1-vlmethvnphenoxvlacetic acid trifluoroacetate. 

To a solution of {4-(aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2- 
sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]-phenoxy}-acetic acid methyl ester 
trifluoroacetate (0.1 g, 0.18 mmol), prepared as in EXAMPLE 120, Part E, in 2 

15 mL of EtOH is added 10 N NaOH (0.05 mL). The solution is stirred for 5 hours. 
After this time, the solution is concentrated. The residue is dissolved in 2 mL of 
H 2 0 and the pH is adjusted to 3 using 1 N HCI. The solid which forms is 
collected by filtration. The solid is purified by RP-HPLC eluting with a gradient 
of 10%CH 3 CN/H 2 O (0.1% TFA) to 100% CH 3 CN. The appropriate fraction are 

20 lyophilized to afford the title compound (0.05 g, 0.7 mmol) as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.10 (bs, 2H), 8.70 (bs, 2H), 8.35 (s, 1H), 8.15 
(d, 1H), 8.00 (d, 1H), 7.90 (d, 1H), 7.70 (m, 2H), 7.50 (s, 1H), 7.45 (s, 1H), 7.30 
(m, 1H), 7.10 (m, 1H), 4.85 (s, 1H), 4.30 (AB, 2H), 4.05 (m, 1H), 3.80 (s, 3H), 
3.10 (m, 2H), 1.95 (m, 1H), 1.55 (m, 1H). FAB MS, [M+H] + =527. Elemental 

25 analysis cal., C=46. 16%, H=3.74%, N=7.42%, found C=45.98%, H=3.87%, 
N=7.75%. 

EXAMPLE 122 

4-(3-Amino-2-oxo-pyrrolidine-1-ylmethynthiophene-2-carbonitrile 
30 hydrochloride 

A. 5-lodothiophene-3-carboxaldehyde. 

To a solution of thiophene-3-carboxaldehyde (36 g, 321 mmol) in 80 mL of 
CCI 4 and 60 mL of H 2 0 is added 2.5 mL of cone. H 2 S0 4 in 160 mL of acetic 
35 acid. To the resulting solution is added HI0 3 (14 g, 80 mmol) and l 2 (38 g, 150 
mmol). The solution is refluxed for 6 hours. After this time, the reaction is 
cooled to ambient temperatures and 200 mL of CHCI 3 is added. The layers are 
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separated. The aqueous layer is extracted with CHCI 3 . The organic layers are 
combined and washed with 0.5 M Na 2 S 2 0 3 , sat. NaHC0 3 and sat. NaCI. The 
organic layer is dried over MgS0 4> filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 2% 
5 EtOAc/ hexanes to 5% EtOAc/hexanes to afford the title compound (20 g, 84 
mmol) as a white solid. 

1 H NMR (CDCI 3> 300 MHz) 5 9.78 (s, 1H), 8.10 (s, 1H), 7.69 (s, 1H). 

B. (5-lodothiophene-3-yflmethanol. 

10 To a solution of 5-iodothiophene-3-carboxaldehyde (42 g, 176 mmol) in 800 
mL of THF is added NaBH 4 (7 g, 185 mmol). After 1hour, the reaction is 
quenched by the addition of 100 mL of sat. NH 4 CI. The resulting solution is 
diluted with 1 L of EtOAc. The layers are separated. The organic layer is 
washed with H 2 0 and sat. NaCI. The organic layer is dried over MgS0 4> filtered 

15 and concentrated. The title compound (42 g, 175 mmol) is obtained as an oil. 
1 HNMR(CDCI 3l 300MHz)8 7.18(s,2H),4.63(s,2H), 1.92 (bs, 1H). 

C. 4-Hvdroxvmethylthiophene-2-carbonitrile. 

To a solution of (5-iodothiophene-3-yl)methanol (42 g, 176 mmol) in 150 mL of 
20 DMF is added Zn(CN) 2 (12.4 g, 106 mmol) and Pd(PPh 3 ) 4 (8.13 g. 7.04 mmol). 
The solution is heated to 80°C. After 6 hours, the solution is diluted with 3 L of 
EtOAc. The resulting solution is washed with 1N NH 4 OH, H 2 0 and sat. NaCI. 
The organic layer is dried over MgS0 4 , filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 20% 
25 EtOAc/ hexanes to 30% EtOAc/ hexanes to afford the title compound (10 g, 72 
mmol) as a clear oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.59 (s, 1H), 7.46 (s, 1H), 4.67 (s, 2H), 2.42 (bs, 
1H). 

30 D. 4-Bromomethylthiophene-2-carbonitrile. 

To a solution of 4-hydroxymethyIthiophene-2-carbonitrile (10 g, 72 mmol), in 
360 mL of THF is added triphenyl phosphine (18.3 g, 76 mmol) and CBr 4 (25 g, 
76 mmol). After 3 hours, the solution is filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 5% 

35 EtOAc/ hexanes to 10% EtOAc/hexanes to afford the title compound (14 g, 69 
mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (s, 1H), 7.49 (s, 1H), 4.42 (s, 2H). 
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E. f2-Oxopyrrolidin-3-(SVvl)carbamic acid tert-butvl ester. 
(S)-Boc-Diaminobutyric acid (25 g, 115 mmol), triethyl amine (35 g, 344 mmol), 
and hydroxybenzotriazole (19.3 g, 143 mmol) are dissolved in 300 ml_ of THF. 
5 1-(3-Dimethylaminopropyl)-3-ethylcarbodiiimide hydrochloride (27.4g. 143 
mmol) is added to the solution. The solution is heated to 60°C over 15 
minutes. A white precipitate forms and the solution is kept at 60°C for 4 hours. 
After this time, the solution is filtered and the collected liquid is concentrated. 
The crude product is purified by column chromatography in a gradient of 1% 
1 0 MeOH/CH 2 CI 2 to 3% MeOH/CH 2 CI 2 to afford the title compound (19.6 g, 98 
mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 6.17 (bs, 1H), 5.08 (bs, 1H), 4.12 (m, 1H), 3.33 (m, 
2H), 2.65 (m, 1H), 2.00 (m, 1H), 1.42 (s, 9H). 

15 F. ri-(5-Cvanothiophene-3-vlmethvlV 2-oxoovrrolidin-3-vl1carhamic acid tert- 
butvl ester. 

To a solution of (2-oxopyrrolidin-3-(S)-yl)carbamic acid terf-butyl ester (3.2 g, 
16 mmol) in 80 ml_ of THRDMF (10:1) at 0°C is added 4- 
bromomethylthiophene-2-carbonitrile (3.23 g, 16 mmol) and sodium hydride 

20 (60%) (0.67 g, 16.8 mmol). After addition, the solution is allowed to warm to 
ambient temperatures. After 2 hours, the solution is quenched by the addition 
of sat NH 4 CI. The solution is diluted with H 2 0 and EtOAc. The layers are 
separated. The organic layer is washed with H 2 0 and sat. NaCI. The organic 
layer is dried over MgS0 4 , filtered and concentrated. The crude product is 

25 purified by column chromatography eluting with gradient of 20% EtOAc/CH 2 CI 2 
to 30% EtOAc/CH 2 CI 2 to afford the title compound (4 g, 13.8 mmol) as a white 
solid. 

1 H NMR (CDCI3, 300 MHz) 8 7.51 (s, 1H), 7.45 (s, 1H), 5.12 (bs, 1H), 4.42 (AB, 
2H), 4.12 (m, 1H), 3.27 (m, 2H), 2.58 (m, 1H), 1.93 (m, 1H), 1.42 (s, 9H),. 

30 

G. 4-(3-Amino-2-oxopvrrolidine-1-vln riethvnthiophene-2-carbonitrile 
hydrochloride 

[1 -(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl 
ester (4 g, 13.8 mmol) is added to a solution of 100 mL of EtOAc sat. with HCI 
35 gas at 0°C. After 3 hours, the solution is concentrated. The title compound (3.3 
g, 13.5 mmol) is obtained as a white solid. 
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1 H NMR (DMSO-d 6> 300 MHz) 5 8.61 (bs, 3H), 7.96 (s, 1H), 7.82 (s, 1H), 5.12 
(bs, 1H), 4.42 (AB, 2H), 4.00 (m, 1H), 3.27 (m, 2H), 2.31 (m, 1H), 2.03 (m, 1H). 

EXAMPLE 123 

5 5-f3-Amino-2-oxopvrrolldlne-1-vlmathyl )thloDhene-g-carbon8trile hyrirnnhlnriHa 

A. f5-Bromnthln phene-2-vnmflthannl 

To a solution of 5-bromothiophene-2-carboxaldehyde (15 g, 79 mmol) in 250 
mL of THF is added NaBH 4 (3 g, 86 mmol). After 1hour, the reaction is 

1 0 quenched by the addition of 1 00 mL of sat. NH 4 CI. The resulting solution is 
diluted with Et a O. The layers are separated. The organic layer is washed with 
H 2 0 and sat. NaCI. The organic layer is dried over MgS0 4> filtered and 
concentrated. The crude product is purified by column chromatography eluting 
with gradient of 5% EtOAc/ hexanes to 10% EtOAc/hexanes to afford the title 

15 compound (13.7 g, 71 mmol) as an oil. 

1 H NMR (CDCI 3I 300 MHz) 5 6.91 (d, 1H), 6.74 (d, 1H), 4.72 (s, 2H), 2.16 (bs, 
1H). 

B. 5-HydrnyymPt hvlthiophene-2-carbonitrila. 

20 The title compound is prepared as described in EXAMPLE 122, Part C using 
(5-bromothiophene-2-yl)methanol as the starting material. The crude product 
is purified by column chromatography eluting with gradient of 20% 
EtOAc/hexanes to 30% EtOAc/hexanes to afford the title compound as a clear 
oil. 

25 1 H NMR (CDCIg, 300 MHz) 8 7.52 (d, 1 H), 6.97 (d, 1 H), 4.87 (s, 2H), 2.26 (bs, 
1H). 

C. 5-Bromom ethylth iophene-2-ca rhpn itrile 

The title compound is prepared as described in EXAMPLE 122, Part D using 
30 5-hydroxymethylthiophene-2-carbonitrile as the starting material. The crude 
product is purified by column chromatography eluting with gradient of 10% 
EtOAc/hexanes to 20% EtOAc/hexanes to afford the title compouna as a white 
solid. 

1 H NMR (CDCI,, 300 MHz) 5 7.49 (d, 1H), 7.09 (d, 1H), 4.66 (s, 2H). 

35 

D. ri-f5-Cyanothiophene-2-vlmethvn-2-oxoDvrrolid i n-3-vncarbamic acid tert- 
butvl ester. 
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The title compound is prepared as described in EXAMPLE 122, Part F using 
5-bromomethylthiophene-2-carbonitrile in place of 4-bromomethylthiophene-2- 
carbonitrile. The crude product is purified by column chromatography etudng 
with gradient of 10% EtOAc/CH 2 CI 2 to 30% EtOAc/ CK>CI 2 to afford the title 
5 compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.51 (d, 1H), 6.98 (d, 1H), 5.09 (bs, 1H), 4.64 (AB, 
2H), 4.17 (m, 1H), 3.30 (m, 2H), 2.62 (m, 1H), 1.93 (m, 1H), 1.43 (s, 9H). 

E. 5-(3-Amino-2"Oxopyrrolidine-1-ylmethynthioDhene-2-carbonitrile 

10 hydrochloride 

The title compound is prepared as described in EXAMPLE 122, Part G using 
[1 -(5-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl 
ester as the starting material. The title compound is obtained as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) S 8.59 (bs, 3H), 7.90 (d, 1H), 7.62 (d, 1H), 5.10 

15 (bs, 1H), 4.63 (AB, 2H), 4.10 (m, 1H), 3.25 (m, 2H), 2.28 (m, 1H), 2.05 (m, 1H). 

EXAMPLE 124 

5-(3-Amino-2-oxopyrrolidine-1-ylmethynthio phene-3-carbonitrile hydrochloride 

20 A. (4-BromothiQDhene-2-vnmethanol. 

The title compound is prepared as described in EXAMPLE 123, Part A using 4- 
bromothiophene-2-carboxaldehyde as the starting material. The title 
compound is obtained as a clear oil. 
El MS, [M] + =192. 

25 

B. 5-HvdroxvmethvlthiQDhene-3-carbonitrile. 

The title compound is prepared as described in EXAMPLE 122, Part C using 
(5-bromothiophene-2-yl)methanol as the starting material. The crude product 
is purified by column chromatography eluting with gradient of 20% 
30 EtOAc/hexanes to 40% EtOAc/hexanes to afford the title compound as a clear 
oil. 

1 H NMR (CDCI3, 300 MHz) 8 7.83 (s, 1H), 7.12 (s, 1H), 4.80 (AB, 2H), 2.27 (bs, 
1H). El MS, [M] + =139. 

35 C. 5-Bromomethvlthiophene-3-carbonitrile. 

The title compound is prepared as described in EXAMPLE 122, Part D using 
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5-hydroxymethylthiophene-3-carbonitrile as the starting material. The crude 
product is purified by column chromatography eluting with gradient of 5% 
EtOAc/ hexanes to 15% EtOAc/ hexanes to afford the title compound as a white 
solid. 

5 1 H NMR (CDCI 3 , 300 MHz) 5 7.91 (d, 1 H), 7.27 (d, 1 H), 4.65 (s, 2H). 

P. ri-(4-Cyanothiophene-2-ylmethyl)-2-oxopyrrQlidin-3-yl]carbamic add teH- 
butvl ester. 

The title compound is prepared as described in EXAMPLE 122, Part F using 
10 5-bromomethylthiophene-3-carbonitrile in place of 4-bromomethylthiophene-2- 
carbonitrile. The crude product is purified by column chromatography eluting 
with gradient of 20% EtOAc/CH 2 CI 2 to 40% EtOAc/ CH 2 CI 2 to afford the title 
compound as a white solid. 

1 H NMR (CDCI 3> 300 MHz) 8 7.86 (s, 1H), 7.14 (s, 1H), 5.09 (bs, 1H), 4.62 (AB, 
15 2H), 4.16 (m, 1H), 3.30 (m, 2H), 2.62 (m, 1H), 1.90 (m, 1H), 1.42 (s, 9H). 

E. 5-f3-Amino-2-oxoDvrrolidin e-1-vlmethvnthiophene-3-carbonitrile 
hydrochloride 

The title compound is prepared as described in EXAMPLE 122, Part G using 
20 [1-(4-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl 
ester as the starting material. The title compound is obtained as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.72 (bs, 3H), 7.81 (s, 1H), 7.35 (s, 1H), 5.10 (bs, 
1H), 4.63 (AB, 2H), 4.40 (m, 1H), 3.38 (m, 2H), 2.62 (m, 1H), 2.50 (m, 1H). 

25 EXAMPLE 125 

4-r3-(S)-f7-Methoxvnaphthalene-2-sulfonyl amino)-2-oxopvrrolidin-1-vlmethyl]- 
thiophene-2-carboxamidine trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-su lfonic acid, sodium salt. 

30 To a suspension of 7-hydroxynaphthalene-2-sulfonic acid, sodium salt (10 g, 
40.2 mmol) in 150 mL of 2:1 H 2 0/ethanol if dded solid NaOH (1.79 g, 44.7 
mmol) at room temperature. The mixture s iirred until a homogenous solution 
forms, and dimethyl sulfate (4.23 mL, 44.7 mmol) is then added. A precipitate 
eventually forms and the mixture is stirred over a period of 16 hours. The crude 

35 mixture is concentrated in vacuo and the residue is stirred in 100 mL of 

absolute EtOH as a slurry for 2 hours. The precipitate is filtered and dried. The 
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solid is heated at reflux in 100 ml_ of 95% EtOH for 2 hours, allowed to cool to 
room temperature, filtered and dried to give 8.12 g of the title compound. 
1 H NMR (DMSO-d 6 , 300 MHz) 6 8.07 (s,1H), 7.78 (m, 2H), 7.54 (dd, 1H), 7.38 
(s, 1H), 7.14 (dd, 1H), 3.86 (s, 3H) 

5 

B. 7-Methnwna Dhthalene-2-sulfonvl chloride* 

A mixture of 7-methoxynaphthalene-2-sulfonic acid, sodium salt (8.12 g, 31.1 
mmol) in 80 ml_ of thionyl chloride is heated at 80°C for 3 hours. A few drops of 
DMF is added with vigorous bubbling resulting and the mixture is heated for an 

10 additional 1.5 hours. The mixture is allowed to cool to room temperature and 
concentrated in vacuo. The residue is diluted in EtOAc and washed 
successively with water (2x), 1 N HCI solution and saturated NaCI. The 
organic layer is dried over anhydrous MgS0 4 , filtered and concentrated. The 
crude product is purified by column chromatography eluting with 20% 

1 5 EtOAc/hexanes to afford the title compound (5.2 g, 20.2 mmol) as a white solid. 
1H NMR (CDCI 3 , 300 MHz) d 8.49 (d, 1H), 7.96 (d, 1H), 7.85 (d, 2H), 7.39 (dd, 
1H), 7.29 (d, 1H), 3.99 (s, 3H). El MS, [M]+=256. 

C. 7-Methoxynaphthalene-2-sulfonic acid-n -(S- cvanothionhPn-3-vlmethvh-P- 
20 0X0Dvrrolidin-3-(SWI]amiHe 

To a solution of 4-(3-Amino-2-oxopyrrolidine-1-ylmethyl)thiophene-2- 
carbonitrile hydrochloride (0.43 g, 1.8 mmol), prepared as in EXAMPLE 122, in 
10 mL of CH 2 CI 2 is added 7-methoxynaphthalene-2-sulfonyl chloride (0.51 g, 
2 mmol) and triethyl amine (0.55 g, 5.4 mmol). After 16 hours, the solution is 

25 diluted with EtOAc and H 2 0. The layers are separated. The organic layer is 
washed with 1 N HCI, sat. NaHC0 3 and sat. NaCI. The organic layer is dried 
over MgS0 4 , filtered and concentrated. The crude product is purified by 
column chromatography eluting with gradient of 10% EtOAc/ CH 2 CI 2 to 20% 
EtOAc/CH 2 CI 2 to afford the title compound (0.50 g, 1.22 mmol) as a white solid. 

30 1 H NMR (CDCI 3I 300 MHz) 8 8.32 (s, 1 H), 7.90 (d, 1 H), 7.82 (d, 1 H), 7.73 (dd, 
1H), 7.42 (s, 1H), 7.36 (s, 1H), 7.30 (dd, 1H), 7.26 (m, 1H), 5.33 (bs, 1H), 4.29 
(AB, 2H), 3.95 (s, 3H), 3.70 (m, 1H), 3.22 (m, 2H), 2.61 (m, 1H), 2.08 (m, 1H). 

D. 4-r3-(S)-(7-MethoxvnaDhtha lene-2-sulfonvlaminoV2-oxoDvrroliriin-1- 
35 vlmethvnthiophene-2-car boxamidine trifluoroacetate, 

To a solution of 7-methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.3 g, 0.73 mmol) in 20 ml. of 
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EtOAc:CH 2 CI 2 (2:1) at 0°C is bubbled HC: gas for 5 minutes. After 5 hours, the 
solution is concentrated. The resulting residue is dissolved in 20 mL of MeOH 
and cooled to 0°C. Ammonia gas is bubbled into the solution for 
5 minutes. After this time the solution is heated to 50°C for 3 hours. The 
5 solution is then concentrated. The resulting crude material is purified by 
RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound (0.13 g, 0.23 mmol) as a white solid. 
1 H NMR (DMSO-d 6) 300 MHz) 6 9.26 (bs, 2H), 9.07 (bs, 2H), 8.33 (bs,1H), 8.16 
10 (d,1H), 7.98 (d, 1H), 7.91 (d, 1H), 7.82 (s, 1H), 7.69 (dd, 1H), 7.53 (s, 1H), 7.30 
(dd, 1H), 4.31 (AB, 2H), 4.08 (m, 1H), 3.87 (s, 3H), 3.06 (m, 2H), 3.06 (m, 2H), 
1.95 (m, 1H), 1.55. FAB MS, [M+H] + = 458. Elemental analysis calculated with 
1 mmol of H 2 0 and 1.5 mmol of excess TFA cal. C=45.64%, H=4.07%, 
N=8.87%, found C=45.88%, H=3.97%, N=9.12%. 

15 

EXAMPLE 126 

4-{3-(S)-r(7-MethnxvnaPhthalene-2-sulfnnyn methvlaminn1-2-oxonvrrnlidin-i. 
Vlmethvl)thioDhRne-2-carhr>ya midinR triflunroacetate. 

20 A. 7-Methoxynaphthalene-2-sulfonic flnlfi - n-ffi-«vannthtophen-3-ylmflth Y l)-9- 
oxopvrrolidin-3-rs^-vnmflthvlamidft. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (2.36 g, 5.35 mmol), prepared as in 
EXAMPLE 125, Part C, in 16 mL of DMF is added Mel (1.14 g, 8.03 mmol) and 

25 KgCOg (1 .1 1 g, 8 ; 03 mmol). After 16 hours, the solution is diluted with EtOAc 
and H 2 0. The layers are separated. The organic layer is washed with H 2 0 and 
sat. NaCI. The organic layer is dried over MgS0 4> filtered and concentrated. 
The crude product is purified by column chromatography eluting with gradient 
of 5% EtOAc/CH 2 CI 2 to 15% EtOAc/ CH 2 CI 2 to afford the title compound (2.30 g, 

30 5.05 mmol) as a white solid. 

1 H NMR (CDCI„ 300 MHz) 8 8.40 (s, 1H), 7.91 (d. 1H), 7.82 (s, 1H), 7.78 (s, 
1H), 7.46 (s, 1H), 7.39 (s, 1H), 7.27 (m, 2H), 4.88 (t, 1H), 4.40 (AB, 2H), 3.95 (s, 
3H), 3.26 (m, 2H), 2.80 (s, 3H), 2.38 (m, 1 H), 2.05 (m, 1 H). 

35 B. 4-{3-($)-rf7-Methoxvnaphthalanfi-P-R, j|fonvhmathvlaminol-2-nyn PV rrn|j r|j n - 
1 -vlmethyl)thionhene-2-carboxamidine triflimmanatatP 
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7-Methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
5 TFA) and the appropriate product fractions are lyophiiized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.24 (bs, 2H), 8.97 (bs, 2H), 8.39 (s,1H), 8.02 
(d,1H), 7.95 (d, 1H), 7.91 (s, 1H), 7.80 (S, 1H), 7.68 (dd, 1H), 7.55 (S, 1H), 7.32 
(dd, 1H), 4.86 (t, 1H), 4.37 (AB, 2H), 3.87 (s, 3H), 3.46 (m, 1H), 3.14 (m, 1H), 
1 0 2.46 (s, 3H), 1 .95 (m. 1 H), 1 .74 (m, 1 H). FAB MS, [M+H] + = 473. Elemental 
analysis calculated with 1.5 mmol of H 2 0 cal. C=46.98%, H=4.60%, N=9.13%, 
found C=46.86%, H=3.97%, N=4.29%. 

EXAMPLE 127 

15 2-rn-(5-Carbamimidovlthi oDhene-3-vlmethvh-2-oxopvrrolidin-3-rsVvnf7- 
methoxvnaphthalene-2-sulfonvhaminolacetami de trifluoroacetate. 

A. 2-rri-f5-CvanothiODhene-3-vl methvn-2-oxoDvrrolidin-3-rsVvn(7- 
methoxvnaDhthalene-2-sulfonvna minolacetic acid tert-butyl ester. 

20 The title compound is prepared as in EXAMPLE 126, Part A using tert-butyl- 
bromoacetate in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI 3> 300 MHz) 5 8.42 (s, 1H), 7.78 (m, 3H), 7.48 (s, 1H), 7.39 (s, 
1H), 7.25 (m, 2H), 4.52 (t, 1H), 4.40 (AB, 2H), 4.22 (AB, 2H), 3.95 (s, 3H), 3.26 
(m, 2H), 2.52 (m, 1H), 2.42 (m, 1H), 1.43 (s, 9H). 

25 

B. 2-fri-(5-CvanothioDhene-3-vlmethvh-2-ox oDvrrolidin-3-fSWHf7- 
methoxvnaDhthalene-2-sulfonvlteminolacetic acid. 

To a solution of 2-[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]- 
(7-methoxynaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester (0.40 g, 
30 0.72 mmol) in 1 5 mL of CH 2 CI 2 is added 5 mL of TFA. After 2 hours, the 
solution is concentrated to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.36 (s, 1H), 7.91 (d, 1H), 7.80 (d, 1H), 7.68 (d, 
1H), 7.50 (s, 2H), 7.31 (m, 1H), 7.25 (m, 1H), 7.14 (m, 1H), 4.73 (t, 1H), 4.47 (s, 
2H), 3.95 (S, 3H), 3.92 (AB, 2H), 3.32 (m, 2H), 2.42 (m, 1H), 2.13 (m, 1H). 

35 

C. 2-rri-f5-CvanothioDhene-3-vlmethvh-2-oxoDvrrolidin-3-fS)-vnr7- 
methoxvnaphthalene-2-sulfonvl teminolacetamide. 
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To a solution of 2-[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]- 
(7-methoxynaphthalene-2-sulfonyl)amino]acetic acid (0.40 g, 0.80 mmol) in 6 
ml_ of THF at -15°C is added triethyl amine (0.10 g, 0.96 mmol) and ethyl 
chloroformate (0.09 g, 0.84 mmol). The solution is stirred for 1 hour. After this 
5 time, NH 4 OH (0.07 mL, 0.90 mmol) is added and the solution is allowed to 
warm to ambient temperatures. After 16 hours, the solution is diluted w'th 
EtOAc. The solution is washed with 1 N HCI, sat. NaHC0 3 and sat. NafJi. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The title 
compound (0.28 g, 0.56 mmol) is obtained as a white foam. 
1 0 1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1 H), 7.88 (m, 3H), 7.38 (m, 4H), 4.51 (AB, 
2H), 4.12 (m, 1H), 3.95 (s, 3H), 3.78 (AB, 2H), 3.26 (m, 2H), 2.32 (m, 2H). 

D. 2-rri-r5-narhamimidovlth ioDhene-3-vlmethvh-2-QxoDvrrolidin-3-rSVvnr7- 
methoxvnaphthalene-2-sulf onvnaminolacetamide trifluoroacetate. 

1 5 2-[[1 -(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 

methoxynaphthalene-2-sulfonyl)amino]acetamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

20 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.23 (bs, 2H), 8.91 (bs, 2H), 8.41 (s,1H), 7.92 
(m,3H), 7.78 (m, 2H), 7.58 (m, 2H), 7.32 (dd, 1H), 7.20 (m, 1H), 4.78 (t, 1H), 
4.38 (AB, 2H), 3.90 (s, 3H), 3.67 (AB, 12H), 3.18 (m, 2H), 2.04 (m, 2H). FAB 
MS, [M+H] + =516. 

25 

EXAMPLE 128 

4-{3-(S)-rr7-Methoxvnaphtha lene-2-sulfonvhben2vlaminol-2-oxoDvrrolidin-1- 
vlmethvmhioph fine-2-carboxamidine trifluoroacetate. 

30 A. 7-Methoxvnaphthalen e-2-sulfonic acid-f 1 -(5-cvanothiophen-3-vlmethvn-2- 
oxopvrrolidin-3-fS Vvnbenzvlamidfi. 

The title compound is prepared as in EXAMPLE 126, Part A using berz-.A 
bromide in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 8 8.44 (s, 1H), 8.00 (s, 1H), 7.91 (m, 1H), 7.79 (d, 
35 1 H), 7.53 (d, 1 H), 7.23 (m, 8H) 4.52 (m, 3H), 4.36 (AB, 2H), 3.95 (s, 3H), 3.08 
(dd, 2H), 2.28 (m, 1H), 2.05 (m, 1H). 
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B. 4-{3-(S)-rf7-MethoxvnaDhthalene-2-su lfonvnbenzvlamino]-2-oxo-Dvrrolidin- 
1 -vlmethvmhiophene-2-carboxa midine trif luoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyi)-2- 
oxopyrrolidin-3-(S)-yl]-benzylamide is converted to the title compound as 
5 described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.22 (bs, 2H), 9.08 (bs, 2H), 8.41 (s,1H)V 8.00 
10 (d,1H), 7.96 (d, 1H), 7.87 (s, 1H), 7.80 (m, 2H), 7.52 (s, 1H), 7.21 (m, 6H), 4.71 
(t, 1H), 4.40 (AB, 2H), 4.24 (AB, 2H), 3.88 (s, 3H), 3.1 1 (m, 1H), 2.93 (m, 1H), 
2.12 (m, 1H), 1.62 (m, 1H). FAB MS, [M+H] + = 549. Elemental analysis cal. 
C=54.37%, H=4.41%, N=8.45%, found C=53.80%, H=4.45%, N=8.11% 

15 EXAMPLE 129 

4- r3-fS)-(5-Chloro-3-methvlbenzorb]t hiophene-2-fiulfonvlaminQV2-oxo- 
Pvrrolidin-1-vlmethvnthiophen e-2-carboxamidine trifluoroacetate. 

A. 5-Chloro-3-methvlbenzorb1thio Dhene -2-sulfonic acid-n-(5-cvanothionhen- 
20 3-vlmethvlV2-oxopvrrolidin -3-(SWnamide. 

The title compound is prepared as in EXAMPLE 125, Part C using 5-ch!oro-3- 
methylbenzo[b]thiophene -2-sulfonyl chloride in place of 7-methoxy- 
naphthalene-2-sulfonyl chloride to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 5 7.89 (m, 2H), 7.43 (m, 3H), 5.69 (bs, 1H), 4.42 (s, 
25 2H), 3.90 (m, 1H), 3.26 (m, 2H), 2.70 (s, 3H), 2.62 (m, 1H), 1.89 (m, 1H). 

B. 4-r3-rS^-r5-C hloro-3-methvlbenzorb1thiophene-2-sulfonvlaminoV2- 
oxopvrrolidin-1- vlmethvl]-thioDhene-2-carboxamidine trifluoroacetate. 

5- Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
30 ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as 

described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
35 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.87 (bs, 2H), 8.69 (d, 1 H,v, S.04 
(m,2H), 7.80 (m, 2H), 7.54 (d, 1H), 4.31 (AB, 2H), 4.12 (m, 1H), 3.11 (m, 2H), 
2.58 (s, 3H), 2.03 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =483. 
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EXAMPLE 130 

5-(3-fS)-rf7-Methoxvnaphthalene-2-sulfonvnme thvlaminol-2-oxoDvrrolidin-1- 
ylmethvmhiophene-3-carboxamidine trifluoroacetate. 

5 

A. 7-Methoxynaphthalene-2-sulfonic acid ri-(4- ovanothiophen-2-vlmethvn-2- 
oxopvrrolidin-3-rS)-vllamide. 

The title compound is prepared as in EXAMPLE 125, Part C using 5-(3-amino- 
2-oxopyrrolidine-1 -ylmethyl)thiophene-3-carbonitrile hydrochloride, prepared 
10 as in EXAMPLE 124, in place of 4-(3-amino-2-oxopyrrolidine-1-ylmethyl)- 
thiophene-2-carbonitrile hydrochloride. The crude product is purified by 
column chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/ CH 2 CI 2 to afford the title compound as a white solid. 
FAB MS, [M+H] + =442. 

15 

B. 7-Methoxvnaphthalene-2-sul fonic acid f1-f4-cvanothiophen-2-vlmethvn-2- 
oxopvrrolidin-3-tS Vvllmethvlamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(4-cyanothiophen-2-ylmethyl)-2- 
20 oxopyrrolidin-3-(S)-yl]amide in place of 7-methoxynaphthalene-2-sulfonic acid 
[1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide. The crude 
product is purified by column chromatography eluting with gradient of 5% 
EtOAc/CH 2 CI 2 to 15% EtOAc/CH 2 CI 2 to afford the title compound as a white 
solid. 

25 1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1 H), 8.00 (m, 1 H), 7.90 (d, 1 H), 7.82 (s, 

1H), 7.76 (m, 2H), 7.24 (m, 2H), 7.10 (s, 1H), 4.92 (t, 1H), 4.58 (AB, 2H), 3.91 (s, 
3H), 3.29 (m, 2H), 2.73 (s, 3H), 2.37 (m, 1H), 2.03 (m, 1H). 

C. 5-(3-fS)-rf7-Methoxvnaphtha lene-2-sulfonvnmethvlamino1-2-oxopvrrQlidin- 
30 1 -vlmethvltthiophene-3-c arboxamidine hydrochloride. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(4-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-methylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 to 80% CH 3 CN/H 2 0 and the 
35 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 8.88 (bs, 4H), 8.41 (s,1H), 8.35 (s,1H), 8.00 (d, 
1H), 7.92 (d, 1H), 7.68 (dd, 1H), 7.57 (s, 1H), 7.48 (s, 1H), 7.32 (dd, 1H), 4.82 (t, 
1H), 4.50 (AB, 2H), 3.88 (s, 3H), 3.21 (m, 2H), 2.63 (s, 3H), 2.00 (m, 1H), 1.72 
(m, 1H). FAB MS, [M+H] + = 473. Elemental analysis calculated with 0.75 mmol 
5 of H 2 0 cal. C=50.57%, H=5.1 1%, N=10.72%, Cl=6.78%, found C=50.52%, 
H=4.96%, N=10.46%, Cl=6.91%. 

EXAMPLE 131 

4- f3-(SH( 5-Chloro-3-methvlbenzo[b]thiophene-2-sulfonyhbenzylamino]-2- 
10 oxopyrrolidin-1-ylmethyl}thipphene-2-carboxamidine trifluoroacetat e- 

A. 5-Chloro-3-m ethylbenzo[b1thiophene -2-sulfonic acid [1-(5-cyanothiophen- 
3-vlmethvn-2-oxoDvrrolidin-3-fSVvl1-benzylamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 5-chloro-3- 
15 methylbenzo[b]thiophene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as in EXAMPLE 129, Part A, in place of 
7-methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide and benzyl bromide in place of Mel. The crude 
product is purified by column chromatography eluting with gradient of 40% 
20 EtOAc/ hexanes to 50% EtOAc/hexanes to afford the title compound as a white 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.82 (s, 1H), 7.75 (d, 2H), 7.43 (dd, 2H), 7.40 (s, 
1H), 7.32 (m, 2H), 7.28 (m, 2H), 4.88 (AB, 1H), 4.64 (t, 1H), 4.38 (AB, 2H), 4.22 
(AB, 1H), 3.06 (m, 1H),2.90 (m, 1H),2.71 (s, 3H), 2.28 (m, 1H), 1.81 (m. 1H). 

25 

B. 4-{3-(SH( 5-Chloro-3-methylbenzo[b]thi6phene-2-sulfonynbenzylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

5- Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1 -(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]benzylamide is converted to the title 

30 compound as described in EXAMPLE 125, Part D. The crude product is 

purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.25 (bs, 2H), 8.05 (s,1H), 8.03 

35 (S.1H), 7.82 (s, 1H), 7.80 (s, 1H), 7.55 (dd, 1H), 7.28 (m, 2H), 7.21 (m, 3H), 4.82 
(t, 1H), 4.62 (AB, 1H), 4.25 (AB, 2H), 4.20 (AB, 1H), 3.13 (m, 1H), 2.91 (m, 1H), 
2.60 (s, 3H), 2.15 (m, 1H), 1.62 (m, 1H). FAB MS, [M+H] + =573. Elemental 
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analysis cal. C=48.94%, H=3.81%, N=8.15%, found C=48.60%, H=3.71%, 
N=7.90%. 

EXAMPLE 132 

5 4-(3-fS)-rfMethanesulfonvn-f3-Dhenvlpr oDvnam8no1-2-oxoDvrrolidin-1- 
vlmethvl)thiophene-2-carboxamidine trifluoroacetate. 

A. Methanesulfonic acid ri-(5-cvanothiophen-3-vlmethvh-2-ox opvrrolidin-3- 
(SWIlamide. 

10 The title compound is prepared as in EXAMPLE 125, Part C using methane 
sulfonyl chloride in place of 7-methoxynaphthalene-2-sulfonyl chloride to give 
the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.52 (s, 1H), 7.43 (s, 1H), 5.10 (bs, 1H), 4.44 (AB, 
2H), 4.18 (m, 1H), 3.39 (m, 2H), 3.15 (s, 3H), 2.60 (m,1H), 2.00 (m, 1H). 

15 

B. Methanesulfonic acid ri-fS-n yanothiophen-3-vlmethvn-2-oxopyrrQlidln-3- 
(S)-vn-(3-phenvlpropvnamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 
methanesulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)- 

20 yi]amide in place of 7-methoxynaphthalene-2-sulfonic acid [1-(5-cyano- 

thiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and phenethyl bromide in 
place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 5 7.48 (s, 1H), 7.40 (s, 1H), 7.23 (m, 5H), 4.52 (AB, 
1H), 4.30 (m, 1H), 4.26 (AB, 1H), 3.22 (m, 4H), 3.12 (s, 3H), 2.63 (m,2H), 2.15 

25 (m,2H), 1.94 (m,2H). 

C. 4-f3-fSVrfMethanesulfonvn-f3-phenvlp roDvnaminQ]-2-oxopvrrolidin-1- 
vlmethvllthiophe ne-2-carboxamidine trifluoroacetate. 
Methanesulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-'S)- 

30 yl]-(3-phenylpropyl)amide is converted to the title compound as described in 
EXAMPLE 125, Part D. The crude product is purified by RP-HPLC elutirig in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

35 1 H NMR (DMSO-d 6 , 300 MHz) 6 9.28 (bs, 2H), 9.07 (bs, 2H), 7.90 (m,1H), 7.85 
(m,1H), 7.23 (m, 2H), 7.15 (m, 3H), 4.55 (t, 1H), 4.40 (AB, 2H), 3.20 (m, 3H), 
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3.12 (s, 3H), 3.07 (m, 1H), 2.56 (m, 2H), 2.31 (m, 1H), 1.91 (m, 3H). FAB MS, 
[M+H] + =435. 

EXAMPLE 133 

5 4-{3-fS)-rfMethanesulfo nvnrnaphthalene-2-vnamino1-2-oxopyrrolidin-1- 
vlmethvlUhioDhe ne-2-carboxamidine trifluoroacetate. 

A. Methanesulf onic acid-[1 -f5-cvanothioDhen-3-vlmethvn-2-oxoDvrrolidin-3- 
fS)-vlUnaphthalene-2-vhamid6. 

10 The title compound is prepared as in EXAMPLE 126, Part A using 

methanesulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrro!idin-3~(S)- 
yl]amide, prepared as in EXAMPLE 132, Part A, in place of 7-methoxy- 
naphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin- 

3- (S)-yl]amide and 2-naphthyl bromide in place of Mel to give the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.79 (m, 4H), 7.50 (m, 5H), 4.70 (m, 1H), 4.53 (m, 
2H), 4.40 (m, 1H), 4.32 (m, 1H), 3.26 (s, 3H), 3.04 (m, 2H), 2.00 (m, 2H). 

B. 4-{3-f$)-r(Methanesulfonvn(naphthalene-2-vna minol-2-oxoDvrrolidin-1- 
vlmethvl)thioDhene-2-carboxamidine trifluoroacetate. 
Methanesulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)- 
yl](naphthalene-2-yl)amide is converted to the title compound as described in 
EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.25 (bs, 2H), 9.12 (bs, 2H), 7.86 (m, 5H), 7.49 
(m, 4H), 4.70 (m, 2H), 4.36 (m, 3H), 3.23 (s, 3H), 3.02 (m, 2H), 2.10 (m, 1H), 
1.71 (m, 1H). FAB MS, [M+H] + =457. 

EXAMPLE 134 

4- f3-fS)-ff4.5-Dichlorothiophen e-2-sulfonvnbenzvlamino]-2-oxopvrrolidin-1- 
ylmethvllthiophene-2-carboxamidine trifluoroacetate. 

A. 4,5-Dichlorothiophene-2-sulfonic acid n-f5-cv anothiophen-3-vlmethylV P- 
oxopyrrolidin-3-f SVvl]amide. 

The title compound is prepared as in EXAMPLE 125, Part C using 
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4,5-dichlorothiophene-2-sulfonyl chloride in place of 7-methoxynaphthalene-2- 
sulfonyl chloride to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 8 7.62 (m, 1H), 7.45 (m, 4H), 5.52 (s, 1H), 4.49 (s, 
2H), 3.92 (m, 1H), 3.26 (m, 2H), 2.61 (m, 1H), 2.08 (m, 2H). 

5 

B. 4,5-Dichloroth iophene-2-sulfonic acid-M -(5-cvanothiophen-3-vlmethvn-2- 
oxopvrrolidin-3-(SWIlbenzvlamiris. 

The title compound is prepared as in EXAMPLE 126, Part A using 
4,5-dichlorothiophene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 

10 oxopyrrolidin-3-(S)-yl]amide in place of 7-methoxynaphthalene-2-sulfonic acid 
[1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and benzyl 
bromide in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCIg, 300 MHz) 6 7.61 (s, 1H), 7.46 (m, 2H), 7.32 (m, 2H), 7.26 (m, 
3H), 4.56 (m, 2H), 4.40 (t, 1H), 4.37 (AB, 2H), 3.04 (m, 2H), 2.15 (m, 1H), 1.90 

15 (m,2H). 

C. 4-{3-fS)-rf4.5-Dichlorothiophene-2-sulfo nvnbenzvlamino1-2-oxopyrrnliriin- 
1 -vlmethvl)thioph ene-2-carboxamidine trlfluoroacetate. 
4,5-Dichlorothiophene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 

20 oxopyrrolidin-3-(S)-yl]benzylamide is converted to the title compound gs 

described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

25 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.21 (bs, 2H), 9.00 (bs, 2H), 7.92 (m, 1H), 7.89 
(m,4H), 7.81 (m, 1H), 7.26 (m, 5H), 4.76 (m, 1H), 4.76 (t, 1H), 4.58 (m, 1H), 4.32 
(AB, 2H), 4.19 (m, 1H), 3.11 (m, 1H), 3.00 (m, 1H), 2.10 (m, 1H), 1.62 (m, 1H). 
FAB MS, [M+H] + =543. Elemental analysis cal. C=42.01%, H=3.22%, 
N=8.52%, found C=41.73%, H=3.23%, N=8.29%. 

30 

EXAMPLE 135 

4-(3-(SW( 5-Chloro-3-methvlbenzorb1thiQ phen6-2-sulfonvnmethvlaminf,1 -P- 
oxopvrrolidin-1-vlmethvlMhioph ene-2-carboxamidine trifluoroacetote. 

35 A. 5-Chloro-3-methvlbe nzorb1thiophene-2-sulfonic acid [1-(5-cvanothiophen- 
3-vlmethvn-2-oxopvrrolidin-3-fSVvl1 -methvlamirifi. 
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The title compound is prepared as in EXAMPLE 126, Part A using 5-chioro-3- 
methylbenzo[b]thiophene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-benzylamide in place of 7-methoxynaphthalene-2- 
sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide to 
5 afford the title compound as a white solid. 

1 H NMR (CDCI 3> 300 MHz) 8 7.79 (m, 2H), 7.42 (m, 3H), 4.87 (t, 1 H), 4.40 (AB, 
2H), 3.26 (m, 2H), 2.88 (s, 2H), 2.70 (s, 3H), 2.41 (m, 1H), 2.05 (m, 1H). 

B. 4-(3-(SH( 5-Chloro-3-methvlbenzorb1thioDh ene-2-sulfonvnmethvlamino1-2- 
10 oxoDvrrolidin-1-vlmethvlMhiophene-2- carboxamidine trifluoroacetate. 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-methylamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
1 5 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.85 (bs, 2H), 8.10 (m, 2H), 7.91 
(S, 1H), 7.81 (S, 1H), 7.60 (m, 1H), 4.88 (t, 1H), 4.37 (AB, 2H), 3.21 (m, 2H), 2.75 
(s, 3H), 2.65 (S, 3H), 2.09 (m, 1H), 1.92 (m, 1H). FAB MS, [M+H] + =497. 

20 

EXAMPLE 136 

2- f[1-f5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(SVyl]-(7- 
methoxvnaDhthalene-2-sulfonvnaminol-N- phenethvlacetamide trifluoroacetate. 

25 A. 2-ff1-f5-Cyanothiophene-3-ylmethyn-2-oxopvrrolidin-3-(SVyl1-f7- 
methoxvnaphthalene-2-sulfonvnaminol-N-phenethvlacetamide. 
The tiltle compound is prepared as described in EXAMPLE 127, Part C, 
substituting phenethyl amine for NH 4 OH. The title compound is obtained as a 
white foam. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1 H), 7.89 (m, 1H), 7.78 (m, 1 H), 7.55 (s, 
1H), 7.21 (m, 6H), 4.47 (AB, 2H), 4.30 (m, 1H), 3.92 (s, 3H), 3.76 (AB, 2H), 3.31 
(m, 2H), 2.61 (m, 2H), 2.28 (m, 1H). 

B. 2-fri-(5-Carbamimidovlthiop hene-3-ylmethvl)-2-oxopvrrolidin-3-rSVvH-(7- 
35 methoxvnaphthalene-2-s ulfonvnaminol-N-phenethvlacetamide trifluoroacetate. 
2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide is converted to 
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the title compound as described in EXAMPLE 125, Part D. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
5 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.99 (bs, 2H), 8.41 (s, 1H), 8.15 
(m, 1H), 7.95 (m, 2H), 7.78 (m, 2H), 7.55 (m, 1H), 7.35 (m, 1H), 7.18 (m, 5H), 
4.78 (t, 1H), 4.38 (AB, 2H), 3.89 (s, 3H), 3.86 (m, 1H), 3.62 (m, 3H), 3.18 (m, 
2H), 2.51 (m, 2H), 2.02 (m, 2H). FAB MS, [M+H] + =620. 

10 EXAMPLE 137 

2-rri-f"5-Carbamimidovlthiopha ne-3-vlmethyn-2-oxoDvrrolidin-3-fS)-vn-f4.5- 
dichlorothiODhene-2-sulfonv naminol-N-benzvlacetamide trifluoroanetate. 

A. 2-rn-f5-CvanothioDhene-3-v lmethvn-2-nyopvrrolidin-3-fSVvn-(4.5- 
15 dichlorothiophene-2-sul fonvhamino]acetic acid tert-butvl ester. 

The title compound is prepared as in EXAMPLE 126, Part A using tert-butyl- 
bromoacetate in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 8 7.60 (s, 1H), 7.49 (S, 1H), 7.42 (s, 1H), 4.42 (m, 
3H), 3.89 (AB, 2H), 3.72 (m, 1H), 3.27 (m, 2H), 2.55 (m, 1H), 2.34 (m. 1H), 1.44 
20 (s, 9H). 

B. 2-rri-f5-Cvanothiophene-3-yl methvn-2-oxopvrrolidin-3-(SVvn-f4.5- 
dichlorothioph ftne-2-sulfonvl)amino1acetic acid. 

To a solution of 2-[[l-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]- 
25 (4,5-dichlorothiophene-2-sulfonyl)amino]acetic acid tert-butyl ester (0.40 g, 
0.72 mmol) in 15 mL of CH 2 CI 2 is added 5 mL of TFA. After 2 hours, the 
solution is concentrated to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 8 7.98 (s, 1H), 7.89 (s, 1H), 7.81 (s, 1H), 4.80 (t, 1H), 
4.32 (AB, 2H), 3.88 (AB, 2H), 3.19 (m, 2H), 2.22 (m, 1H), 2.08 (m, 1H). 

30 

C. 2-m -f5-CvanothloDhene-3-vl methvn-2-oyQDvrrolldln-3-f SVviy^ r- 
dichlorothiophene-2-sulfonvnaminol-N-hen zvlacetamide. 

The title compound is prepared as described in EXAMPLE 127, Part C, 
substituting 2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(4,5- 
35 dichlorothiophene-2-sulfonyl)amino]acetic acid for 2-[[1-(5-cyanothiophene-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2- 
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sulfonyl)amino]acetic acid and substituting phenethyl amine for NH 4 OH. The 
title compound is obtained as a white foam. 

1 H NMR (CDCI3, 300 MHz) 8 7.50 (m, 3H), 7.25 (m, 5H), 4.45 (AB, 2H), 4.40 (t, 
1H), 3.86 (AB, 2H), 3.39 (m, 1H), 3.22 (m, 1H), 2.42 (m, 1H), 2.22 (m, 1H). 

5 

D. 2-rri-(5-Carhamimidovlthinphene-3-vlm ethvn-2-Qxnpvrrolidin-3-fS)-vn-f4.5- 

dichlorothiophene-2-sulfonvnaminol-N-ben zvlacetamide trifluoroacetate. 

2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-ylI-(7- 

methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide is converted to 
10 the title compound as described in EXAMPLE 125, Part D. The crude product 

is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 

80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6> 300 MHz) 6 9.22 (bs, 2H), 9.1 1 (bs, 2H), 8.56 (m, 1H), 7.92 
15 (s, 1H), 7.89 (s, 1H), 7.78 (s, 1H), 7.26 (m, 4H), 4.79 (t, 1H), 4.39 (m, 2H), 3.89 

(AB, 2H), 3.18 (m, 2H), 2.28 (m, 1H), 2.10 (m, 1H). FAB MS, [M+H] + =600. 

Elemental analysis calculated C=41.50%, H=3.48%, N=9.68%, found . 

C=41.48%, H=3.21%, N=8.68. 

20 EXAMPLE 138 

2-rri-(5-Carbamimidovlthioph ene-3-vlmethvn-2-oxopyrrolidin-3-^SVyll-f7- 
methoxynaphthalene- 2-sulfonyl)amino1- N-benzv la cetamide trifluoroacetate. 

A. 2-rn-r5-Cvanothiophene-3- ylmethvn-2-oxopvrrolidin-3-rSVvn-r7- 
25 methoxvna phthalene-2-sulfonvnaminol-N-benzvlacetamide. 

The tiltle compound is prepared as described in EXAMPLE 127, Part C, 
substituting benzyl amine for NH 4 OH. The title compound is obtained as a 
white foam. 

1 H NMR (CDCI3, 300 MHz) 8 8.35 (s, 1H), 7.76 (m, 2H), 7.49 (m, 1H), 7.23 (m, 
30 9H), 4.40 (m, 5H), 3.94 (s, 3H), 3.86 (AB, 2H), 3.36 (m, 1 H), 3.24 (m, 1 H), 2.31 
(m, 2H). 

B. 2-fri-(5-Carbamimidovlthioph ene-3-vlmfithvn-2-Qxonvrrolidin-3-rs^-vll-r7- 
methoxvnaDhthalene-2-sulfony naminol-N-benzvlacetamide trifluoroa rotate 

35 2-[[l-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxy- 
naphthalene-2-sulfonyl)amino]-N-benzylacetamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
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purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (CD 3 OD, 300 MHz) 8 8.80 (m, 1H), 8.42 (s, 1H), 7.87 (m, 5H), 7.36 (m, 
5 2H), 7.20 (m, 5H), 4.82 (m, 1 H), 4.50 (AB, 2H), 4.32 (m, 2H), 3.92 (m, 5H), 3.30 
(m, 2H), 2.30 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =606. 

EXAMPLE 139 

2-rri-f4-Carbamimidovlthiophene-2-vlmethvn-2-oxoDvrrolidin-3-rSVvn-r /- 
10 methoxvnaphthalene-2-sulfonvnaminolacetamid e trifluoroacetate. 

A. 2-rri-f4-Cva nothioDhene-2-vlmethyn-2-oxopyrrolidin-3-fSVvn-f7- 
methoxvnaDhthalene-2-sulfonvnaminolacetic ac id tert-butvl ester. 

The title compound is prepared as in EXAMPLE 126, Part A substituting 
1 5 7-methoxynaphthalene-2-sulfonic acid [1 -(4-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide for 7-methoxynaphthalene-2-sulfonic acid [1-(5- 
cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and tert-butyl- 
bromoacetate in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCIg, 300 MHz) 8 8.42 (s, 1H), 7.82 (m, 4H), 7.27 (m, 2H), 7.15 (s, 
20 1H), 4.66 (m, 1H), 4.15 (m, 1H), 3.92 (s, 3H), 3.68 (m, 1H), 3.28 (m, 2H), 2.56 
(m, 1 H), 2.40 (m, 1 H), 1 .41 (s, 9H). 

B. 2-rn-(4-CvanothioDhene-2 -vlmethvn-2-oxoDvrrolidin-3-(SVvH-r7- 
methoxvnaphthalene-2-sulfonyflaminolacetic acid. 

25 The title compound is prepared as described in EXAMPLE 127, Part B using 2- 
[[1-(4-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester. 
FAB MS, [M+H] + =500. 

30 C. 2-fri-(4- Cvanothiophene-2-vlmethvn-2-oxopvrrolidin-3-rS^-vn-f7- 
methoxvnaphthalene-2-sulfonvhaminolacetamidfi. 
The tiltle compound is prepared as described in EXAMPLE 127, Part C, 
substituting 2-[[1-(4-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid for 2-[[1-(5-cyancth;oohene- 

35 3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2- 

sulfonyl)amino]acetic acid. The title compound is obtained as a white foam. 
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1 H NMR (CDCI3, 300 MHz) 5 8.35 (s, 1H), 7.80 (m, 5H), 7.28 (m, 2H), 5.42 (m, 
1H), 4.64 (m, 3H), 3.94 (s, 3H), 3.72 (AB, 2H), 3.36 (AB, 2H), 2.35 (m, 1H), 2.16 
(m,1H). 

5 D- 2-rri-(4-Carbamimidovlthiophfin e -2-vlmethyn-2-oxr)pyrrolidin-3-rSVyl].(7. 
methoxynaDhthalene-P-sulfonvhamin olacetamide trifluoroaRetate 
2-[[1-(4-Cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-benzylacetamide is converted to the 
title compound as described in EXAMPLE 125, Part D. The crude product is 
1 0 purified by RP-HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 to 80% 

CH 3 CN/H 2 0 and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.1 1 (bs, 4H), 8.48 (m, 2H), 7.98 (m, 2H), 7.74 
(m, 1H),-7.54 (m, 3H), 7.35 (m, 1H), 7.21 (m, 1H), 4.79 (t, 1H), 4.53 (AB, 2H), 
15 3.89 (s, 3H), 3.64 (AB, 2H), 3.21 (m, 2H), 2.04 (m, 2H). FAB MS, [M+H] + =516. 
Elemental analysis calculated with 1.75 mmol of H 2 0 cal. C=47.34%, H=5.10%, 
N=12.00%, Cl=6.08%, found C=47.30%, H=4.82%, N=11.75, Cl=6.02%. 

EXAMPLE 140 

20 2-ff1-(4-Qarbamimidovlthioohene-2-vlmflth y n-2-Q X opyrrnlidin-3-rSVvl]-m- 
chloro-3-methvlben7orb1thiophene-2-sulfonvnaminn] acetic acid methy l ester 

A. 2-rn-f5-CvanothiODhene-3- vlmethvlV2-nxoDvrrolidin-3-^S^-yl]-r7- 
methoxvnaDhthalene-2-stjlfnnyl )aminQ]a^tin acid methyl ester 

25 The title compound is prepared as in EXAMPLE 126, Part A substituting 5- 
chloro-3-methyl-benzo[b]thiophene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide for 7-methoxynaphthalene-2-sulfonic 
acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and 
substituting methyl-bromoacetate for Mel to give the title compound as a white 

30 foam. 

1 H NMR (CDCI3, 300 MHz) 8 7.80 (s, 1H), 7.76 (d, 1H), 7.45 (m, 2H), 7.39 (s, 
1H), 4.64 (t, 1H), 4.40 (m, 2H), 4.18 (m, 2H), 3.52 (s, 3H), 3.33 (m, 2H), 2.69 (s, 
3H), 2.55 (m, 1H), 2.38 (m, 1H). 

35 B. 2-ff1-(5-CyanothiOPhen e-3-vlmethvn - ? - oxoD vrroh-din.3-fRWn-r 5-ehloro-fl- 
methyl-benzorblthiop hene-2-sulfonvnaminolacetic add methvl ester 
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2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid methyl ester is converted to 
the title compound as described in EXAMPLE 125, Part D. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
5 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are .. 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6) 300 MHz) 8 9.26 (bs, 2H), 9.18 (bs, 2H), 8.06 (m, 2H), 7.90 
(s, 2H), 7.81 (s, 1H), 7.60 (m, 1H), 4.75 (t, 1H), 4.30 (AB, 2H), 4.01 (AB, 2H), 
3.58 (s, 3H), 3.20 (m, 2H), 2.62 (s, 3H), 2.28 (m, 1H), 2.07 (m, 1H). FAB MS, 
10 [M+H] + =555. 

EXAMPLE 141 

4-f3-fSVrf7-Aminonaphthalene-2-sulfonvl^b enzvlamino1-2-oxopyrrolidin-1- 
vlmethvllthiophene-2-carboxamidine bistrifluoroacetate. 

15 

A. N-Cbz-7-aminonaphthalene-2-sulfonic acid, sodium salt. 

To a suspension of 7-aminonaphthalene-2-sulfonic acid, sodium salt (10.1 g, 
41.2 mmol) in 200 mL of water is added solid NaOH (3.29 g, 82.4 mmol) at 
room temperature. The mixture is stirred for 1 hour, and then benzyl 

20 chloroformate (1 1 .8 mL, 82.4 mmol) is added. A precipitate forms after 30 min 
and the resulting mixture is stirred over a period of 18 hours. The crude 
mixture is concentrated in vacuo and the residue is stirred in 100 mL of 
absolute EtOH as a slurry for 2 hours. The precipitate is filtered and dried. The 
solid is heated at reflux in 100 mL of 95% EtOH for 2 hours, allowed to cool to 

25 room temperature, filtered and dried to give 15.4 g of the title compound. 

1 H NMR (DMSO-d 61 300 MHz) 8 8.06 (s, 1H), 7.97 (s, 1H), 7.82 (d, 1H), 7.77 (d, 
1H), 7.61 (dd, 1H), 7.58 (dd, 1H), 7.41 (m, 5H), 5.18 (s, 2H). 

B. N-Cbz-7-aminonaphthalene-2-sulfonyl chloride. 

30 N-Cbz-7-aminonaphthalene-2-sulfonic acid, sodium salt (15.4 g, 40.7 mmol) is 
converted to the title compound as described in EXAMPLE 125, Part B The 
crude product is purified by column chromatography in a gradient of hexanes 
to 20% EtOAc/hexanes to afford the title compound (5 g, 13.3 mmol) as a beige 
solid. 

35 1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1 H), 8.12 (s, 1 H), 7.88 (d, 1 H), 7.80 (d, 
2H), 7.60 (dd, 1H), 7.34 (m, 5H), 7.27 (s, 1H), 5.21 (s, 2H). 
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C. N-Cbz-7-aminonaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
vlmethvn-2-oxoDvrrolidin-3-fSVvl1amide. 

The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride as described in EXAMPLE 
5 125, Part C using N-Cbz-7-aminonaphthalene-2-sulfonyl chloride in place of 
7-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CH 2 CI 2 to provide the title compound as a solid. 
n H NMR (CDCI 3) 300 MHz) 8 8.68 (s, 1H), 8.28 (s, 1H), 7.71 (m, 2H), 7.61 (m, 
1 0 2H), 7.45 (d, 1 H), 7.35 (m, 7H), 6.05 (d, 1 H), 5.20 (AB, 2H), 4.35 (AB, 2H), 3.86 
(m, 1H), 3.14 (m, 2H), 2.47 (m, 1H), 1.99 (m, 1H). 

D. N-Cbz-7-aminonaphthal ene-2-sulfonic acid-f 1 -r5-cvanothiophen-3- 
vlmethvn-2-oxonvr rolidin-3-rSVvnbenzvlamide. 

15 N-Cbz-7-aminonaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmsthyl)- 
2-oxopyrrolidin-3-(S)-yl]amide (0.56 g, 1.01 mmol) is dissolved in 10 mL of 
DMF and cooled to 0°C. Sodium hydride (42 mg of a 60% dispersion in 
mineral oil, 1.06 mmol) is added and the solution is stirred for 20 minutes. To 
the mixture is added benzyl bromide (0.18 g, 1.06 mmol). The reaction mixture 

20 is stirred at 0°C for 20minutes and then at room temperature for 1 .5 hours. The 
solution is poured into a separatory funnel and diluted with 100 mL of EtOAc. 
The organic layer is washed with water, 1 N HCI and saturated NaCI solution, 
then dried over MgS0 4 , filtered and concentrated. The crude residue is 
purified by column chromatography eluting with a gradient of 25% 

25 EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to give the title compound (0.34 g, 0.53 
mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.39 (s, 1H), 8.08 (s, 1H), 7.86 (d, 1H), 7.78 (d, 
1H), 7.74 (s, 1H), 7.60 (d, 1H), 7.37 (m, 8H), 7.25 (m, 5H), 5.19 (AB, 2H), 4.52 
(m, 1H), 4.39 (AB, 2H), 4.34 (AB, 2H), 2.92 (m, 2H), 2.16 (m, 1H), 1.87 (m, 1H). 

30 

E. 4-{3-(S)-r(7-AminonaDhthalene-2-sulfonvnbenzvlamino1- 2-oxopvrrQlidin-1- 
vlmethvllthiophene-2-carboxa midine bistrifluoroacetate. 
N-Cbz-7-aminonaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)- 
2-oxopyrrolidin-3-(S)-yl]-benzylamide is converted to the title compound as 

35 described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% 
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TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.26 (bs, 2H), 9.04 (bs, 2H), 8.14 (s, 1H), 7.81 
(m, 3H), 7.73 (d, 1H), 7.55 (dd, 1H), 7.32 (m, 2H), 7.25. (m, 3H), 7.11 (dd, 1H), 
5 7.01 (s, 1H), 4.73 (m. 1H), 4.35 (AB, 2H), 4.29 (AB, 2H), 3.13 (m, 1H), 2.94 (m, 
1H), 2.08 (m, 1H), 1.63 (m, 1H). FAB MS, [M+H] + =534. Elemental analysis 
calculated with 0.4 mol of H 2 0: C=48.42%, H=3.91%, N=9.11%; found 
C=48.42%, H=4.06%, N=9.11%. 

10 EXAMPLE 142 

4-f3-(S^-rf7-Ami nonaphthalene-2-sulfonvnmethvlamino1-2-oxoDvrrolidin-1- 
vlmethvllthiophene-2-carboxamidine bistrifl uoroacetate. 

A. N-Cbz-7-aminonaphthalen e-2-sulfonic acid M-(5-cvanothioDhen-3- 

15 vlmethvn-2- oxopvrrolidin-3-fSVvl1methylamide. 

The title compound is prepared from N-Cbz-7-aminonaphthalene-2-sulfonic 
acid [1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as 
described in EXAMPLE 141, Part D using methyl iodide in place of benzyl 
bromide. The crude product is purified by column chromatography eluting with 

20 1 0% EtOAc/CH 2 CI 2 to afford the title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1H), 8.08 (s, 1H), 7.85 (d, 1H), 7.80 (dd, 
1H), 7.77 (d, 1H), 7.40 (m, 8H), 7.21 (s, 1H), 5.24 (AB, 2H), 4.87 (m, 1H), 4.35 
(AB, 2H), 3.22 (m, 2H), 2.79 (s, 3H), 2.35 (m, 1H), 2.05 (m, 1H). 

25 B. 4-(3-rS Vr(7-Aminonaphthalene-2-sulfonvnmethvlaminol-2-oxopvrrolidin-1- 
vlmethvllthiophene-2-carboxamidine bistrifluoroacetate. 
N-Cbz-7-aminonaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 

30 eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.26 (bs, 2H), 9.01 (bs, 2H), 8.07 (s, 1H), 7.90 
(S, 1H), 7.82 (d, 1H), 7.80 (s, 1H), 7.73 (d, 1H), 7.43 (d, 1H), 7.12 (dd, 1H), 7.01 
35 (s, 1H), 4.86 (m, 1H), 4.37 (AB, 2H), 3.15 (m, 2H), 2.64 (s, 3H), 1.95 (m, 1H), 
1.74 (m, 1H). FAB MS, [M+H] + =458. Elemental analysis calculated: 
C=43.80%, H=3.68%, N=10.21%; found C=43.40%, H=3.75%, N=10.00%. 
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EXAMPLE 143 

2-rf1-f5-Ca rbamimidovlthiophene-3-vlmethvn-2-oxopvrrolidin-3-fSVvll- f7- 
aminongphthalene-P-sulfonvnaminolacetamide bi strifluoroacetate. 

5 

A. 2-rri-f5-CvanothioDhen6-3- vlmethvn-2-oxoDvrrolidin-3^SVvll-(N-nh7-7- 
aminonaDhthalene-2-sulf onvnamino]acetic acid fert-butvl ester. 

The title compound is prepared from N-Cbz-7-aminonaphthalene-2-sulfonic 
acid [1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as 
1 0 described in EXAMPLE 141 , Part D using fert-butyl bromoacetate in place of 
benzyl bromide. The crude product is purified by column chromatography 
eluting with a gradient of 5% EtOAc/CH 2 CI 2 to 10% EtOAc/CH 2 CI 2 to provide the 
title compound as a solid. 

1 H NMR (CDCI 3) 300 MHz) 8 8.45 (s, 1H), 8.10 (s, 1H), 7.87 (m, 2H), 7.80 (d, 
15 1H), 7.55 (dd, 1H), 7.45 (m, 7H), 7.01 (m, 1H), 5.30 (s, 2H), 4.55 (m, 1H), 4.40 
(AB, 2H), 3.92 (AB, 2H), 3.32 (m, 1H), 3.21 (m, 1H), 2.60 (m, 1H), 2.45 (m, 1H), 
1.50 (s,9H). 

B. 2-rf1-(5-CvanothiODhene-3-vlm ethvn-2-oxonvrrolidin-3-rS)- V n-(N-Ch7-7- 
20 aminonap hthalene-g-sulfonynaminolacetin anid 

2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-7- 
aminonaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester is converted to 
the title compound as described in EXAMPLE 127, Part B. The product is 
azeotroped with toluene/CH 2 CI 2 to give a white foam which is used directly in 
25 the next step. 

FAB MS, [M+H] + =619. 

C. 2-rri-f5-Cvanothiophene-3- vlmethvn-2-oxopvrrolidin-3-(S)-vn-rN-Oh7-7- 
aminonaDhthal ene-2-sulfonvnaminolacetamide. 

30 The title compound is prepared as described in EXAMPLE 127, Part C using 2- 
[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-7- 
aminonaphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5- 

cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene- 
2-sulfonyl)amino]acetic acid. The crude product is purified by column 
35 chromatography eluting with 2% MeOH/50% EtOAc/CH 2 CI 2 to provide the title 
compound as a white solid. 
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1 H NMR (CDCI 3> 300 MHz) 8 8.40 (s, 1H), 8.09 (s, 1H), 7.82 (m, 2H), 7.75 (m, 
2H), 7.60 (dd, 1H), 7.50 (m, 2H), 7.38 (m, 6H), 5.63 (bs, 1H), 5.25 (S, 2H), 4.51 
(s, 1H), 4.43 (AB, 2H), 3.77 (AB, 2H), 3.38 (m. 1H), 3.25 (m, 1H), 2.39 (m, 1H), 
2.21 (m, 1H). 

5 

D. 2-rri-(5-Carbamimidoylthio phene-3-vlmethvn-2-oxopvrrolidin-3-rsUyl]-r7- 
aminonaphthalene-2-sulfonyn aminolacetamide bistrifkjoroacetate. 
2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-7- 
aminonaphthalene-2-sulfonyl)amino]acetamide is converted to the title 

10 compound as described in EXAMPLE 125, Part D. The crude product is 

purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d e , 300 MHz) 8 9.26 (bs, 2H), 9.00 (bs, 2H), 8.12 (s, 1H), 7.92 

15 (s, 1 H), 7.82 (d, 1 H), 7.81 (s, 1 H), 7.73 (d, 1 H), 7.58 (s, 1 H), 7.48 (dd, 1 H), 7.24 
(s, 1H), 7.13 (dd, 1H), 7.01 (s, 1H), 4.78 (m, 1H), 4.38 (AB, 2H), 3.64 (AB, 2H), 
3.20 (m, 2H), 2.09 (m, 1H), 1.97 (m, 1H). FAB MS, [M+H] + =501. 

EXAMPLE 144 

20 4-r3-(SH 6-Amino-5-chloro-2-sulfQnyl aminQl-2-Qxopvrrolidin-1-vlmathyl]- 
thiophene-2-carboxamidine trifluoroacetate. 

A. N-Cbz-6-aminonaphthalene- 2-sulfonic add, sodium salt. 

The title compound is prepared as described in EXAMPLE 141, Pari A using 6- 
25 aminonaphthalene-2-sulfonic acid, sodium salt in place of 7-amino- 

naphthalene-2-sulfonic acid, sodium salt. The crude product is isolated from 
95% EtOH. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.06 (m, 2H), 7.88 (d, 1H), 7.72 (d, 1H). 7.66 (d, 
1H), 7.55 (dd, 1H), 7.41 (m, 5H), 5.19 (s, 2H). 

30 

B. N-Cbz-6-ami no-5-chloro-naphthalene-2-sulfonyl chloride and 
N-Cbz-6-aminona phthalene-2-sulfonvl chloride. 

N-Cbz-6-aminonaphthalene-2-sulfonic acid, sodium salt is converted to the title 
compounds as described in EXAMPLE 125, Part B. The crude mixture is 
35 purified by column chromatography in a gradient of hexanes to 10% 

EtOAc/hexanes to provide N-Cbz-6-amino-5-chloro-naphthaiene-2-sulfonyl 
chloride as the major component as a beige solid. 



WO 96/40679 



198 



PCT/US96/09816 



1 H NMR (CDCI3, 300 MHz) 8 8.71 (d, 1H), 8.59 (s, 1H), 8.38 (d, 1H), 8.09 (dd, 
1H), 7.96 (d, 1H), 7.65 (s, 1H), 7.41 (m, 5H), 5.30 (s, 2H). El MS, [M] + =409. 
The N-Cbz-6-aminonaphthalene-2-sulfonyl chloride is also isolated as s. minor 
component from the above procedure as a solid. 
5 1 H NMR (CDCI3, 300 MHz) 8 8.52 (s, 1 H), 8.23 (m, 1 H), 7.96 (m, 3H), 7.55 (dd, 
1H), 7.43 (m, 5H), 7.01 (s, 1H), 5.30 (s, 2H). FAB MS, [M+H] + =376. 

C. N-Cbz-6-amino-5-chloro-naphthalene-2- sulfonic acid-p-fS-cyanothiophen- 

3- vlmethvlV2-oxopvrrolidin-3-(SVyl]amide. 

10 The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride as described in EXAMPLE 
125, Part C using N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonyl chloride in 
place of 7-methoxynaphthalene-2-sulfonyl chloride. The crude product is 
concentrated from EtOAc to afford the title compound as a white solid. 

1 5 1 H NMR (CDC!,, 300 MHz) 8 8.61 (d, 1 H), 8.44 (s, 1 H), 8.29 (d, 1 H), 7.96 (dd, 
1H), 7.90 (d, 1H), 7.60 (s, 1H), 7.43 (m, 6H), 7.39 (d, 1H), 5.55 (s, 1H), 5 29 (s, 
2H), 4.42 (AB, 2H), 3.78 (m, 1H), 3.25 (m, 2H), 2.60 (m, 1H), 2.09 (m, 1H). 

D. 4-r3-(SW 6-Amino-5-chloro-2-sulfonvlaminoV2-oxopvrrolidin-1-vlmethvn- 
20 thiophene-2-carboxamidine trifluoroacetate. 

N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 to 60% CH 3 CN/H 2 0 and the 
25 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.25 (bs, 2H), 9.13 (bs, 2H), 8.25 (dd, 1H), 8.07 
(d, 1H), 7.95 (d, 1H), 7.86 (s, 1H), 7.83 (dd, 1H), 7.80 (m, 2H), 7.22 (d, 1H) 4.34 
(AB, 2H), 4.05 (m, 1H), 3.09 (m, 2H), 1.97 (m, 1H), 1.55 (m, 1H). FAB MS, 
30 [M+H] + =478. Elemental analysis calculated with 1.3 mol of H 2 0: C=42.20%, 
H=3.78%, N=11.18%; found C=42.20%, H=3.36%, N=10.70%. 

EXAMPLE 145 

4- f3-fS)-r(6-Amino-5-chloro-naDhthalene-2-sulfonynmethylamino]-2- 
35 oxopvrrolidin-1-vlmethyl}thiophene-2-carboxamidi ne trifluoroacetate. 



WO 96/40679 



199 



PCT/US96/09816 



A. N-Cbz-6-amino-5-chloro -naphthalene-2-sulfonic acid M-(5-cvanothioDhen- 
3-ylmethvn-2-oxoDvrrolidin-3-rsVvn-methvlamide. 

The title compound is prepared from N-Cbz-6-amino-5-chloro-naphthalene-2- 
sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide 
5 as described in EXAMPLE 141, Part D using methyl iodide in place of benzyl 
bromide. The crude product is purified by column chromatography eluting in a 
gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 
compound as a solid. 

'H NMR (CDCI 3 , 300 MHz) 8 8.60 (d, 1H), 8.49 (d, 1H), 8.25 (d, 1H), 8.05 (dd, 
10 1H), 7.95 (d, 1H), 7.60 (s, 1H), 7.44 (m, 7H), 5.30 (s, 2H), 4.93 (m, 1H), 4.40 
(AB, 2H), 3.30 (m, 2H), 2.80 (s, 3H), 2.40 (m, 1 H), 2.08 (m, 1 H). 

B. 4-f3-fS)-rf6-Amino-5-chl oro-naphthalene-2-sulfnnvnmethvlamino]-P- 
oxopvrrolidin-1-ylmethvlUhio phene-2-carhoxamidine trifluoroacetate. 

15 N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonic acid [1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-methylamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 to 80% 
CH 3 CN/H 2 0 and the appropriate product fractions are lyophilized to provide the 

20 title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.26 (bs, 2H), 9.06 (bs, 2H), 8.29 (s, 1H), 7.94 
(d, 1H), 7.90 (s, 1H), 7.84 (d, 1H), 7.81 (d, 1H), 7.79 (s, 1H), 7.23 (d, 1H), 4.85 
(m, 1H), 4.36 (AB, 2H), 3.13 (m, 2H), 2.63 (s, 3H), 1.97 (m, 1H), 1.73 (m, 1H). 
FAB MS, [M+H] + =492. Elemental analysis calculated with 1.3 mol of H 2 0: 

25 C=43.89%, H=4.10%, N=1 1.13%; found C=43.90%, H=3.71%, N=10.62%. 

EXAMPLE 146 

2-rri-f5-Carbamimidovlthiop hene-3-vlmethvn-2-oxopvrrolidin-3-rS)-vl]-r6- 
amino-5-chlomnaphthalen e-2-sulfonvnamino1acetamid6 trifluoroacetate. 

30 

A. 2-rri-(5-Cvanothiophene-3- vlmethvn-2-nxoDvrrQlidin-3-(SVvn-fN-Ch7-fi- 
amino-5-chloronaphthalene-g-sulfonvnam inolacetic acid terf-butvl ester. 
The title compound is prepared from N-Cbz-6-amino-5-chloro-naphthalene-2- 
sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide 
35 as described in EXAMPLE 141, Part D using tert-butyl bromoacetate in place of 
benzyl bromide. The crude product is purified by column chromatography 
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eluting with a gradient of 5% EtOAc/CH 2 CI 2 to 10% EtOAc/CH 2 CI 2 to provide the 
title compound as a solid. 

1 H NMR (CDCLj, 300 MHz) for rotamers present: 8 8.63-8.40 (m, 2H), 8.30-7.75 
(m, 3H), 7.60-7.30 (m, 5H), 7.28-7.12 (m, 2H), 5.31-5.08 (m, 2H), 4.89-3.62 (m, 
5 6H), 3.30 (m, 1H), 3.22 (m, 1H), 2.60 (m, 1H), 2.42 (m, 1H), 1.47 (s, 9H). 

B. 2-rri-(5-CvanothioDhene-3- vlmethvn-2-oxoDvrrolidin-3-fS)-vn-fN-r;h- /-R. 
amino-5-chlnrnnaDhthalen e-2-sulfQnynamino1acetio aniH 

2-[[1-(5-Cyanothiophene-3-yimethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-6-amino- 
10 5-chloronaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester is converted 
to the title compound as described in EXAMPLE 127, Part B. The product is 
azeotroped with toluene to give a foam which is used directly in the next step. 

C. 2-r[1-(5-CvanothiODhene-3-v|methvn-2-n xoDvrrolidin-3-(SVvn-fN-nh7-fi- 
15 amino-5-chloronaDhthal ene-2-sulfnnynamino1anatamirip 

The title compound is prepared as described in EXAMPLE 127, Part C using 2- 
[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-6-amino-5- 
chloronaphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5-cyanothio- 
phene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2- 

20 sulfonyl)amino]acetic acid. The crude product is purified by column 

chromatography eluting in a gradient of 50% EtOAc/CH 2 CI 2 to 2% MeOH/50% 
EtOAc/CH 2 CI 2 to provide the title compound as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.63 (d, 1H), 8.46 (s, 1H), 8.30 (d, 1H), 8.04 (d, 
1H), 7.93 (d, 1H), 7.86 (s, 1H), 7.60 (s, 1H), 7.54 (m, 2H), 7.42 (m, 5H), 5.37 (s, 

25 1 H), 5.27 (s, 2H), 4.52 (m, 1 H), 4.50 (AB, 2H), 3.78 (AB, 2H), 3.42 (m, 1 H), 3.32 
(m, 1H), 2.50 (m, 1H), 2.35 (m, 1H). 

D. 2-rri-f5-CarbamimidovlthioDhene-3-vl methvn-2-oxoDvrrolidin-3-fS)-vl)-m- 
amino-5-Chloronanhthalen6-2-Ri j|fonvnaminolacetamide trjfluoroacetate. 

30 2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-6-amino- 
5-chloronaphthalene-2-sulfonyl)amino]acetamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TPA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

35 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.25 (bs, 2H), 8.95 (bs, 2H), 8.32 (s, 1H), 7.93 
(d, 1H), 7.91 (s, 1H), 7.86 (d, 1H), 7.80 (m, 2H), 7.56 (s, 1H), 7.22 (m, 2H), 6.28 
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(bs, 2H), 4.75 (m, 1H), 4.34 (AB, 2H), 3.62 (AB, 2H), 3.16 (m, 2H), 2.07 (m, 1H), 
1.95 (m, 1H). FAB MS, [M+H] + =615. 

EXAMPLE 147 

5 4-r3-fS)-(6-Amin onaphthalen e-2-$ulfonvlaminoV2-oyopvrrolidin-1-vlmathvH- 
thiophene-2-carboxamidine dih vdrochloride. 

A. N-Cb2-6-aminonaphthalen e-2-sulfonic acid-M-r5-g/anothiophen-3» 
vlmethvn-2- oxopvrrolidin-3-fSVvl1amidft. 

10 The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 

ylmethyl)thiophene-2-carbonitrile hydrochloride as described in EXAMPLE 
125, Part C using N-Cbz-6-aminonaphthaiene-2-sulfonyl chloride in place of 
7-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with a gradient of 10% EtOAc/CH 2 CI 2 to 25% 

1 5 EtOAc/CH 2 CI 2 to provide the title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.34 (s, 1H), 8.04 (s, 1H), 7.80 (d, 1H), 7.77 (d, 
1H), 7.70 (d, 1H), 7.50 (s, 1H), 7.47 (d, 1H), 7.40 (m, 7H), 5.98 (d, 1H), 5.23 (s, 
2H), 4.40 (AB, 2H), 3.82 (m, 1H), 3.25 (m, 2H), 2.58 (m, 1H), 2.08 (m, 1H). 

20 B. 4 -r3-($)-(6-Aminonaphthalene-2-sulfonvlaminoV2-oxor)vrrnlirtin-l- 
vlmethvll-thioph ene-2-narhoxamidine dihvdrochloriria 
N-Cbz-6-aminonaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)- 
2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described 
in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in 

25 a gradient of 1 0% CH 3 CN/H 2 0 to 80% CH 3 CN/H 2 0 and the appropriate product 
fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.32 (bs, 2H), 8.99 (bs, 2H), 8.15 (s, 1H), 7.99 
(d, 1H), 7.86 (m, 2H), 7.76 (d, 1H), 7.62 (m, 2H), 7.03 (dd, 1H), 6.86 (s, 1H), 
4.35 (AB, 2H), 4.03 (m, 1H), 3.10 (m, 2H), 1.90 (m, 1H), 1.53 (m, 1H). FAB MS, 

30 [M+H] + =444. 



EXAMPLE 148 

5-r3-(S)-(7-Methoxvnaphthalene- 2-sulfonvlaminoV2-oxopyrrnlirlin -1-vl:ri 9>hyl1- 
thiophene-2-carboxami dine triflunroacetate. 

A. 7-Methoxynaphthalene-2-sulfonic acid r i-f5-cvannthinphen-2-vlmath y n-9. 
oxopvrrol8din -3-fSV-vnamidfi. 
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The title compound is prepared as in EXAMPLE 125, Part C using 5-(3-amino- 
2-oxopyrrolidine-1-ylmethyl)thiophene-2-carbonitrile hydrochloride, prepared 
as in EXAMPLE 123, in place of 4-(3-amino-2-oxopyrrolidine-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride. The crude product is verified 
5 by column chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/ CH 2 CI 2 to afford the title compound as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.36 (s, 1H), 7.89 (d, 1H), 7.75 (m, 2H), 7.43 (d, 
1H), 7.30 (m, 1H), 7.22 (m, 2H), 6.90 (d, 1H), 5.44 (bs, 1H), 4.59 (AB, 2H), 3.90 
(s, 3H), 3.74 (m, 1H), 3.28 (m, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

10 

B. 5-f3-rSVf7-Methoxvnaphthalene-2- sulfonvlamino)-2-oxopyrrolidin-1- 
vlmethvllthioDhene-2-carboxamidine triflu oroacetate. 
7-Methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
1 5 EXAMPLE 125, Part D. The crude product is purified by RP-HPLG eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the titie compound 
as a white solid. 

'H NMR (CD 3 OD, 300 MHz) 8 8.41 (s,1H), 7.96 (d,1H), 7.87 (d, 1H), 7.74 (m, 
20 1H), 7.40 (d, 1H), 7.31 (dd, 1H), 7.18 (d, 1H), 4.64 (s, 2H), 4.10 (t, 1H), 3.91 (s, 
3H), 3.28 (m, 2H), 2.21 (m, 1H), 1.76 (m, 1H). FAB MS, [M+H] + = 459. 

EXAMPLE 149 

5-f3-fSVrf7-Methoxvnaphthalene-2-sulfonvnmethvlamino]-2-oxoDvrrolidin-1- 
25 vlmethvl}thiophene-2-carboxamidine trifluoroacetate. 

A. 7-Methoxynaphthalene-2-sulfonic acid [1-(5-cvanothiophen-2-ylmethyl)-2- 
oxopvrrolidin-3-fS)-yl]-methylamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 
30 7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as in EXAMPLE 148, Part A, in place of 
7-methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide. 

1 H NMR (CDCI3, 300 MHz) 8 8.41 (s, 1H), 7.91 (d, 1H), 7.78 (dd, 2H), 7.46 (m, 
35 1 H), 7.25 (m, 3H), 6.93 (d, 1 H), 4.91 (t, 1 H), 4.60 (AB, 2H), 3.92 (s, 3H), 3.31 (m, 
2H), 2.74 (s, 3H), 2.36 (m, 1H), 2.03 (m, 1H). 
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B. 5-(3-(S)-r(7-MethoxvnaDhthalene-2-sulfonvl)methvlami no1-2-oxoDvrrolidin- 
1-vlmethvinhioDhene-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the. title compound as 
5 described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6! 300 MHz) 5 9.20 (bs, 2H), 8.82 (bs, 2H), 8.38 (s, 1H), 8.04 
10 (d, 1 H), 7.96 (d, 1 H), 7.83 (d, 1 H), 7.69 (dd, 1 H), 7.57 (d, 1 H), 7.34 (dd, 1 H), 
7.21 (d, 1H), 4.83 (t, 1H), 4.61 (AB, 2H), 3.89 (s, 3H), 3.19 (m, 2H), 2.62 (s, 3H), 
2.04 (m, 1H), 1.82 (m, 1H). FAB MS, [M+H] + =473. 

EXAMPLE 150 

15 5-l3-fSVrf7-Methoxvna Dhthalene-2-sulfonvnbenzylaminol-2-oxoDvrrolidin-1- 
vlmethvllthioDhene-2-carboxamidine trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid ri-f5-cvanothiophen-2-vlmethyn-2- 
oxopyrrolidin-3-(S)-vn- benzvlamide. 

20 The title compound is prepared as in EXAMPLE 126, Part A using 7- 
methoxynaphthalene-2-sulfonic acid[1-(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as in EXAMPLE 148, Part A, in place of 
7-methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide and benzyl bromide for methyl iodide. 

25 1 H NMR (CDCI 3> 300 MHz) 5 8.43 (s, 1 H), 7.92 (m, 2H), 7.80 (d, 1 H), 7.47 (m, 
1H), 7.31 (m, 3H), 7.22 (m, 4H), 6.93 (d, 1H), 4.55 (m, 4H), 4.26 (m, 1H), 3.93 (s, 
3H), 3.12 (m, 2H), 2.28 (m, 1H), 1.96 (m,1H). 

B. 5-(3-fSVrf7-Methoxvnapht halene-2-sulfonvnbenzvlaminol-2-oxopvrrolidin- 
30 1-vlmethvl)thiophene-2-carboxamidine trifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]- benzylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
35 TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
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1 H NMR (DMSO-d 6) 300 MHz) 8 9.22 (bs, 2H), 9.05 (bs, 2H), 8.42 (s, 1H), 8.05 
(d, 1H), 7.96 (d, 1H), 7.88 (d, 1H), 7.80 (m, 1H), 7.53 (s, 1H), 7.28 (m, 6H), 7.15 
(d, 1H), 4.72 (t, 1H), 4.52 (m, 3H), 4.19 (m. 1H), 3.88 (s, 3H), 3.14 (m. Iti). 3.05 
(m, 1H), 2.13 (m, 1H), 1.74 (m, 1H). FAB MS, [M+H] + = 549. 

5 

EXAMPLE 151 

fAmino-f4-{3-(SVf7-methoxynaphthalene-2-sulfonvhmethvlamino]-2- 
oxopvrrolidin-1-vlmethvlMhioDhene-2-ynmethvlene1carbamic acid methyl ester 
trifluoroacetate. 

10 

A. rAmino-(4-{3 -(SV(7-methoxvnaphthalene-2-sulfonynmetriylarnino]-2- 
oxopvrrolidi n-1-ylmethvl)thiophene-2-vl)methvlene1carbamic acid methyl ester 
trifluc-roacetate. 

To a solution of 4-{3-(S)-[(7-methoxynaphthalene-2-sulfonyi)methylamino]-2- 
15 oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate (0.7 3, 
1.20 mmol) in 12 mL of CH 2 CI 2 and 1 mL of DMF at 0°C is added N-meihyl 
piperidine(0.42 g, 4.2 mmol) and methyl chloroformate (0.12 g, 1.26 mmol). 
After 0.5 hour, the solution is diluted EtOAc. The organic solution is washed 
with H 2 0 and sat. NaCI. The organic layer is dried over MgS0 4 , filtered and 
20 concentrated. The crude product is purified by RP-HPLC eluting in a gradient 
of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.58 (bs, 2H), 8.39 (s, 1H), 8.05 (d, 1H), 7.96 
25 (d, 1H), 7.82 (d, 1H), 7.74 (s, 1H), 7.68 (d, 1H), 7.58 (d, 1H), 7.35 (dd, 1H), 7.15 
(d, 1H), 4.86 (t, 1H), 4.32 (AB, 2H), 3.86 (s, 3H), 3.66 (s, 3H), 3.13 (m, 2H), 2.64 
(s, 3H), 1.96 (m, 1H), 1.71 (m, 1H). FAB MS, [M+H] + = 531. Elemental analysis 
calculated with 1.75 mmol of H 2 0 cal. C=46.22%, H=4.54%, N=8.29%, found 
C=46.00%, H=4.02%, N=7.93%. 

30 

EXAMPLE 152 

4-{3-(S)-rf7-Methoxvnaphthal ene-2-sulfonynmethylamino1-2-oxopyrrolidin-1- 
ylmethvl)thiophene-2-N-hvdroxvcarboxamidine trif iuoroacetate. 

35 A 4-{3-(S)-r(7-Methoxvnaphthalene-2-sulfonvnmethvlamino1-2-oxopyrroliriin- 
1 -vlmethvl)thiophene-2-N-hvdroxvcarboxamidine trifluoroacetate. 
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To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]methylamide (0.48 g, 1 mmol) in 10 mLof 
EtOH is added hydroxylamine hydrochloride (0.11 g, 1.54 mmol) and triethyl 
amine (0.25 g, 2.5 mmol). The solution is heated to reflux. After 1 hour, the 
5 solution is concentrated. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (CDCI 3) 300 MHz) 5 8.49 (s, 1 H), 7.84 (d, 1 H), 7.76 (m, 2H), 7.60 (s, 
10 1H), 7.35 (s, 1H), 7.28 (m. 1H), 7.20 (m, 1H), 6.75 (bs, 2H), 4.96 (t, 1H), 4.87 
(bs, 1H ), 4.40 (AB, 2H), 3.90 (s, 3H), 3.23 (m, 2H), 2.77 (s, 3H), 2.28 (m, 1H). 
1.93 (m, 1H). FAB MS, [M+H] + = 489. Elemental analysis calculated with 1.75 
mmol of H 2 0 cal. C=45.64%, H=4.53%, N=8.84%, found C=45.33%, 
H=4.05%, N=8.36%. 

15 

EXAMPLE 153 

4-(3-(S)-Amino-2-oxoDvrrolidin-1-vlmethvhnvridine-2-carhnnitrilP 
trifluoroacetate. 

20 A. 2-Cvano-4-R ( ter^butvldi methvlsilvl WlmethvllpyririinP. 

The title compound is prepared according to the procedure described in ^ 
Heterocyclic Chem.30, 631 (1993). The crude residue obtained is purified by 
column chromatography eluting with gradient of 5% EtOAc/hexanes to 20% 
EtOAc/hexanes to afford the title compound as a yellow oil. 

25 1 H NMR (CDCI 3 , 300 MHz) 58.66 (d, 1H), 7.69 (s, 1H), 7.48 (m, 1H), 4.80 (s, 
2H), 1.00 (s, 9H),0.19(s, 6H). 

B. 2-Cvano-4-( hvdroxvmethvnDvridine. 

A solution of 2-cyano-4-[{(fe^-butyldimethylsilyl)oxy}methyl]pyridine (10.1 g, 
30 40.5 mmol) in 200 ml_ of anhydrous MeOH is stirred over 12 g of Dowex-50W- 
H + ion-exchange resin (pre-washed with MeOH) for a period of 18 hours- After 
this time, the mixture is filtered and washed with MeOH twice. The combined 
filtrates are concentrated in vacuo. The crude residue is purified by column 
chromatography eluting with 50% EtOAc/hexanes to afford the title compound 
35 (4.82 g, 35.9 mmol) as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.70 (m, 1H), 7.75 (s, 1H), 7.55 (d, 1H), 4.87 (d, 
2H), 2.31 (bs, 1H). 
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C 2-Cvano-4-(bromomethvnpvridine. 
Bromine (6.88 g, 43.1 mmol) is added dropwise to a solution of 
triphenylphosphine (1 1.3 g, 43.1 mmol) in 280 mL of CH 2 CI 2 at 0°C. The 
5 mixture is tirred for 30 minutes at 0°C. At this time, 2-cyano-4-(hydroxymethyl)- 
pyridine (4.82 g, 35.9 mmol) is added and the resulting mixture is stirred for 
2 hours at room temperature. The reaction mixture is diluted with CHgCI, and 
washed with water (2x) and saturated NaCI solution. The organic layer is dried 
with MgS0 4 , filtered and concentrated. The crude product is purified by column 
1 0 chromatography eluting in a gradient of 20% EtOAc/hexanes to 30% 

EtOAc/hexanes to afford the title compound (6.40 g, 32.5 mmol) as an oil. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.75 (d, 1H), 7.79 (s, 1H), 7.60 (d, 1H), 4.49 (s, 
2H). 

15 D. ri-(2-Cvano-pvridin-4-vlmethvn-2-ox opvrrolidin-3-rSVvncarbamic acid terf- 
butvl ester. 

The title compound is prepared from (2-oxopyrrolidin-3-(S)-yl)-carbamic acid 
ferf-butyl ester as described in EXAMPLE 122, Part F using 2-cyano-4- 
(bromomethyl)pyridine in place of 4-bromomethylthiophene-2-carbonitril9. The 
20 crude product is purified by column chromatography eluting with gradient of 
25% EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to afford the title compound as a 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.69 (d, 1H), 7.70 (s, 1H), 7.46 (d, 1H), 5.42 (bs, 
1H), 4.57 (AB, 2H), 4.22 (m, 1H), 3.35 (rn, 2H), 2.62 (m, 1H), 2.10 (m, 1H), 1.50 
25 (s, 9H). 

E. 4-(3-fS)-Amino-2-oxoDvrrolidin-1-vlm ethvhDvridine-2-carbQnitrile 
trifluoroacetate. 

To a solution of [1-(2-cyano-pyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)- 
30 yl]carbamic acid fe/t-butyl ester (3.34 g, 1 0.6 mmol) in 50 mL of CH 2 CI 2 is 
added 5 mL of TFA. The reaction mixture is stirred for 18 hours and then 
concentrated to give the title compound (3.40 g, 10.3 mmol) as a wftte *-. am . 
1 H NMR (DMSO-d 6 , 300 MHz) 8 7.90 (d, 1H), 7.70 (bs, 3H), 7.09 (s, 1H), 6.80 
(m, 1H), 3.78 (AB, 2H), 3.35 (m, 1H), 2.55 (m, 2H), 1.62 (m, TH), 1.20 (m, 1H). 



EXAMPLE 154 
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4-f3-(S)-f7-MethoxvnaDhthalene-2-sulfonvlaminoV2-oxopvrrolidin-1-vlmethvn- 
pyrifline-2-carboxamidine trifluoroacetate- 

A. 7-Methoxynaphthalene-2-9ulfonic apid-[1-(2-cyanopyridin-4-ylm9thyl)-2- 
5 pxopyrrolidin-3-(S)-yl1amide. 

The title compound is prepared as described in EXAMPLE 125, Part C using 4- 
(3-(S)-amino-2-oxopyrroiidin-1-yimethyl)pyridine-2-carbonitrile trifluoroacetate 
in place of 4-(3-(S)-amino-2-oxopyrrolidine-1-ylmethyl)thiophene-2-carbonitrile 
hydrochloride. The crude product is purified by column chromatography 
1 0 eluting with a gradient of 25% EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to provide 
the title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.60 (d, 1H), 8.37 (s, 1H), 7.84 (d, 1H), 7.75 (m, 
2H), 7.50 (S, 1H), 7.30 (dd, 1H), 7.26 (dd, 1H), 7.22 (m, 1H), 6.12 (d, 1H), 4.47 
(AB, 2H), 3.96 (m, 1H), 3.90 (s, 3H), 3.22 (m, 2H), 2.52 (m, 1H), 2.10 (m, 1H). 

15 

B. 4-r3-fSVr7-Methoxvnapht halene-2-sulfonvlaminoV2-oxoDvrrolidin-1- 
vlmethvllDvridine-2-carboxamidine trifluoroacetate. 

Hydrogen sulfide gas is bubbled for 5 minutes through a solution of 7- 
methoxynaphthalene-2-sulfonic acid-[1-(2-cyanopyridin-4-ylmethyl)-2- 

20 oxopyrrolidin-3-(S)-yl]amide (0.22 g, 0.50 mmol) in 10 ml_ of a 10:1 mixture of 
pyridine/triethylamine. After stirring the pale green solution for a period" of 18 
hours, the reaction mixture is concentrated in vacuo. The residue is diluted in 
acetone and concentrated to give the crude thioamide. To a solution of 
thioamide in 10 mL of acetone is added iodomethane (1 mL, 16 mmol). The 

25 resulting mixture is heated at reflux for 1 hour, allowed to cool to room 
temperature and concentrated in vacuo to provide the crude thioimidate 
hydroiodide. To a solution of thioimidate hydroiodide in 10 mL of MeOH is 
added ammonium acetate (0.15 g, 1.9 mmol). The resulting mixture is heated 
at reflux for 2 hours, allowed to cool to room temperature and stirred overnight. 

30 The resulting mixture is concentrated in vacuo to provide the crude amidine 
salt. The crude product is purified by RP-HPLC eluting in a gradient of 15% 
CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound (0.10 g, C.18 
mmol) as a white amorphous solid. 

35 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.51 (bs, 2H), 9.40 (bs, 2H), 8.73 (d, 1 H), 8.37 
(s,1H), 8.25 (d, 1H), 8.02 (d, 1H), 7.92 (m, 2H), 7.72 (dd, 1H), 7.58 (d, 1H), 7.53 
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(S, 1H), 7.32 (dd, 1H), 4.49 (AB, 2H), 4.18 (m, 1H), 3.86 (s, 3H), 3.15 (m, 2H), 
2.02 (m, 1H), 1.64 (m, 1H). FAB MS, [M+H] + =454. 

EXAMPLE 155 

5 4-{3-(S)-[(7-Metho X vnaphthalene-2-sulfonvn benzvla m ino1-2-oxopvrrolidin-1- 
ylmethvl)pyridine-2-carboxamidine trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid-n -f2-n vanopvridin-4-vlmethvh-2- 
oxopvrrolidin-3-(SWI]-b finzvlamide. 

1 0 The title compound is prepared as described in EXAMPLE 141, Part D using 
7-methoxynaphthalene-2-sulfonic acid-[1-(2-cyanopyridin-4-ylmetr.yl)-2:- 
oxopyrrolidin-3-(S)-yl]amide in place of N-Cbz-7-aminonaphthalene-2-sulfonic 
acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide. The 
crude product is purified by column chromatography eluting with gradient of 

1 5 CH 2 CI 2 to 3% MeOH/CH 2 CI 2 to afford the title compound as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.66 (d, 1H), 8.48 (s, 1H), 7.98 (m, 2H), 7.80 (d, 
1H), 7.53 (s, 1H), 7.41 (d, 1H), 7.29 (m, 7H), 4.47 (AB, 2H), 4.45 (AB, 2H), 4.45 
(m, 1 H), 3.94 (s, 3H), 3.1 1 (m, 2H), 2.30 (m, 1 H), 2.19 (m, 1 H). 

20 B. 4-{3-(S)-f(7-Methoxvnaphthalene-2- sulfonvnbenzylamino1-2-nxopvrrolidin- 
1-vlmethvl}pyridine-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1-(2-cyanopyridin-4-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-benzylamide is converted to the title compound as 
described in EXAMPLE 154, Part B. The crude product is purified by RP-HPLC 

25 eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 80% CH 3 CN/H 2 0 (0. 1 % 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.50 (bs, 2H), 9.29 (bs, 2H), 8.75 (d, 1H), 8.48 
(S.1H), 8.02 (d, 1H), 7.96 (d, 1H), 7.93 (s, 1H), 7.83 (dd, 1H), 7.56 (m, 2H), 7.35 
30 (m, 3H), 7.29 (m, 3H), 4.84 (m, 1 H), 4.44 (AB, 2H), 4.42 (AB, 2H), 3.90 (s, 3H), 
3.20 (m, 1H), 3.05 (m, 1H), 2.19 (m, 1H), 1.80 (m, 1H). FAB MS, [M+H] + =544. 

EXAMPLE 156 

4-f3-(S)-r(7-Methoxvnaphthalen e-2-sulfonvnmethvlamino|-2-oxoDvrrolidin-1- 
35 vlmethvl)pvridine-2-carbox amidine trifluoroacetate. 
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A. 7-Methoxvnaphthalenfi-2-sulfonic a cid-M -(2-nvanoDvridin-4-y[methvh-2- 
oxDPvrrolidin-3-fSVvn-mftfhyiflmirifl 

The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid-[1- 
(2-cyanopyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as described in 
5 EXAMPLE 141, Part D using methyl iodide in place of benzyl bromide. The 
crude product is purified by column chromatography eluting with gradient of 
20% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to afford the title compound as a 
white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.65 (d, 1H), 8.41 (s, 1H), 7.90 (d, 1H), 7.79 (m, 
1 0 2H), 7.53 (s, 1 H), 7.37 (m, 1 H), 7.29 (m, 2H), 4.97 (m, 1 H), 4.47 (AB, 2H), 3.93 
(s, 3H), 3.29 (m, 2H), 2.83 (s, 3H), 2.40 (m, 1H), 2.10 (m, 1H). 

B. 4-{3-(S)-r(7-MethoxvnaPhthalene-2-sijlfnny hmethvlaminn|-2-oxonvrrnliriin. 
1 -Vlmeth vllnvridine-P-na rboxam idine trif luoroanetata 

1 5 7-Methoxynaphthalene-2-sulfonic acid-[1 -(2-cyanopyridin-4-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the title compound as 
described in EXAMPLE 154, Part B. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 

20 compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.54 (bs, 2H), 9.31 (bs, 2H), 8.74 (d, 1H), 8.40 
(S,1H), 8.04 (d, 1H), 7.97 (s, 1H), 7.95 (d, 1H), 7.70 (dd, 1H), 7.59 (m, 2H), 7.37 
(m, 1H), 4.99 (m, 1H), 4.50 (AB, 2H), 3.89 (s, 3H), 3.24 (m, 2H), 2.71 (s, 3H), 
2.05 (m, 1 H), 1 .88 (m, 1 H). FAB MS, [M+H] + =468. 

25 

EXAMPLE 157 

4-f3-fS)-(5-Chloro-3-methylhanzorb]thir>p hene-2-sijlfr>nvlaminr)^-P- 
Oxopyrrolidin-1-vlmethvl|pvridi ne-2-carboxamidine triflunroacetate 

30 A, 5-Chloro->3-methvlbenzorb1thinnhfin ft -2-sulfonin acid n-f2-r:vanoDvridin-4- 
vlmethvn-2-oxopvrrolidin-3-f SVvnamida 

The title compound is prepared as described in EXAMPLE 125, Part C using 
4-(3-(S)-amino-2-oxopyrrolidin-1-ylmethyl)pyridine-2-carbonitrile 
trifluoroacetate in place of 4-(3-(S)-amino-2-oxopyrrolidine-1-ylmethyl)- 
35 thiophene-2-carbonitrile hydrochloride and with 5-chloro-3-methyl- ' 

benzo[b]thiophene-2-sulfonyl chloride in place of 7-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is purified by column chromatography 
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eluting with gradient of 25% EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to afford the 
title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.67 (d, 1H), 7.82 (s, 1H), 7.76 (d, 1H), 7.51 (s, 
1H), 7.48 (dd, 1H), 7.32 (d, 1H), 5.65 (d, 1H), 4.49 (AB, 2H), 4.00 (m, 1H), 3.29 
5 (m, 2H), 2.71 (s, 3H), 2.66 (m, 1H), 2.19 (m, 1H). 

B. 4-r3-fS)-( , 5-Chloro-3-meth ylbenzofh1thinDhene-2-sulfonvlaminoV2- 
oxopvrrolidin-1-vlmethvnDvridine-2-carbox amidine trifluoroacetate. 
5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1 -(2-cyano-pyridin-4- 

10 ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as 
described in EXAMPLE 154, Part B. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH a CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

15 1 H NMR (DMSO-d 6) 300 MHz) 8 9.51 (bs, 2H), 9.42 (bs, 2H), 8.78 (d, 1 H), 8.76 
(s,1H), 8.09 (d, 1H), 8.05 (s, 1H), 7.94 (s, 1H), 7.59 (s, 1H), 7.57 (d, 1H), 4.50 
(AB, 2H), 4.27 (m, 1H), 3.17 (m, 2H), 2.63 (s, 3H), 2.10 (m, 1H), 1.72 (m, 1H). 
FAB MS, [M+H] + =478. Elemental analysis calculated with 1.4 mole of H 2 0: 
C=42.81%, H=3.89%, N=11.35%; found C=42.82%, H=3.30%, N=10.84%. 

20 

EXAMPLE 158 

4-{3-(S)-rf5-Chloro-3-methylh enzofblthiophene-2-sulfonvnmethvlaminn1-P- 
0xopyrrolidin-1-vlmethvl)pvridine-2-carboxamidi ne trifluoroanfltate 

25 A. 5-Chloro-3-methvlbenzofb1thioph ene-2-sulfonic acid n-(P-cvanopvridin-4- 
vlmethvn-2-oxnnv rrolidin-3-rSVvll-methvlamida 

The title compound is prepared from 5-chloro-3-methylbenzo[b]thiophen&-2- 
sulfonic acid [1-(2-cyanopyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as 
described in EXAMPLE 141, Part D using methyl iodide in place of benzyl 
30 bromide. The crude product is purified by column chromatography eluting with 
gradient of 1 0% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 
compound as a white solid. 

1 H NMR (CDCI3, 300 MHz) 8 8.66 (d, 1H), 7.80 (s, 1H), 7.74 (d, 1H), 7.53 (s, 
1H), 7.43 (dd, 1H), 7.35 (d, 1H), 4.95 (m, 1H), 4.47 (AB, 2H), 3.29 (m, 2H), 2.91 
35 (s, 3H), 2.70 (S, 3H), 2.41 (m, 1H), 2.15 (m, 1H). 
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B. 4-{3-(S)-r(5-Chloro-3-methvlbenzorblthi oDhen6-2-sulfonvnmethylaminn]-P- 
oxopyrrolidin-1-vlmethvl)pvridine-2-carboxamidine trifluoroacetate. 
5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid-[1-(2-cyanopyridin-4- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]methylamide is converted to the title 
5 compound as described in EXAMPLE 154, Part B. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6> 300 MHz) 5 9.52 (bs, 2H), 9.34 (bs, 2H), 8.74 (d, 1H), 8.08 
1 0 (m, 2H), 7.95 (s, 1 H), 7.63 (s, 1 H), 7.61 (dd, 1 H), 4.99 (m, 1 H), 4.50 (AB, 2H), 
3.31 (m, 1H), 3.21 (m, 1H), 2.80 (s, 3H), 2.66 (s, 3H), 2.14 (m, 1H), 2.03 (m, 1H). 
FAB MS, [M+H] + =493. 

EXAMPLE 159 

15 2-lf1-(2-CarbamimidovlPvridine-4-vlmethvn-2-oxopvrrolidin-3-fSVvl]-t7- 
methoxvnaphthalene-2-sulfo nvhaminQ}acetamide trifluoroacetate. 

A. 2-rri-f2-Cvanopvridine-4-yl methyn-2-oxopvrrolidin-3-fSVyl]-r7- 
methoxvnaphthal ene-2-sulfonvnamino]acetic acid tert-butyl ester. 

20 The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid-[1- 
(2-cyano-pyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as described in 
EXAMPLE 141, Part D using tert-butyl bromoacetate in place of benzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 

25 compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.66 (d, 1H), 8.44 (s, 1H), 7.90 (d, 1H), 7.85 (d, 
1H), 7.79 (d, 1H), 7.58 (s, 1H), 7.42 (d, 1H), 7.29 (dd, 1H), 7.28 (m, 1H), 4.56 
(m, 1H), 4.49 (AB, 2H), 3.99 (AB, 2H), 3.94 (s, 3H), 3.31 (m, 2H), 2.63 (m, 1H), 
2.54 (m, 1H), 1.43 (s, 9H). 

30 

B. 2-[[1-(2-Cvanopyridine-4-ylmethvn-2-oxopvrrolidin-3-fSVvl1-f7- 
methoxynaphthalene-2-sulfo nyhamino]acetic acid. 
2-[[1-(2-Cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester is converted 

35 to the title compound as described in EXAMPLE 127, Part B. The product is 
azeotroped with toluene to give a white foam. 
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1 H NMR (CDCI 3 , 300 MHz) 8 9.61 (bs, 1H), 8.70 (d, 1H), 8.39 (s, 1H), 7.90 (d, 
1H), 7.79 (d, 1H), 7.70 (d, 1H), 7.68 (s, 1H), 7.51 (m, 1H), 7.30 (m, 1H), 7.20 (d, 
1H), 4.80 (m, 1H), 4.59 (AB, 2H), 4.01 (s, 2H), 3.95 (s, 3H), 3.40 (m, 2H), 2.48 
(m, 1H), 2.31 (m, 1H). FAB MS, [M+H] + =495. 

5 

C. 2-rri-(2-Cvanopvridine-4-vlmethvn-2-oxoDv rrolidin-3-(S)-yl1-(7- 
methoxvnaphthalene-2-sulfonvnaminolacetamide. 

The title compound is prepared as described in EXAMPLE 127, Part C using 2- 
[[1-(2-cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
10 methoxynaphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5- 

cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene- 
2-sulfonyl)amino]acetic acid. The crude product is concentrated from EtOAc to 
afford the title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.73 (d, 1H), 8.40 (s, 1H), 7.91 (d, 1H), 7.80 (m, 
1 5 2H), 7.69 (s, 1 H), 7.50 (d, 1 H), 7.32 (m, 1 H), 7.29 (m, 1 H), 5.45 (bs, 2H), 4.58 
(m, 1H), 4.57 (AB, 2H), 3.98 (s, 3H), 3.82 (AB, 2H), 3.40 (m, 1H), 3.32 (m, 1H), 
2.51 (m, 1H), 2.42 (m, 1H). 

D. 2-{f1-f2-Carbamimidovl-Dvridine-4-vlmethvn-2-oxoDvrrolidin-3-fSVyn-f7- 
20 methoxvnaDhthalene-2-sulfonvhamino)ac6tamide trifluoroacetate. 

2-[[1-(2-Cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide is converted to the title 
compound as described in EXAMPLE 154, Part B. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 

25 80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.52 (bs, 2H), 9.33 (bs, 2H), 8.75 (d, 1H), 8.45 
(S, 1H), 8.04 (d, 1H), 7.99 (s, 1H), 7.95 (d, 1H), 7.77 (d, 1H), 7.64 (d, 1H), 7.58 
(bs, 2H), 7.35 (dd, 1H), 7.25 (s, 1H), 4.88 (m, 1H), 4.50 (AB, 2H), 3.90 (s, 3H), 

30 3.73 (AB, 2H), 3.25 (m, 2H), 2.11 (m, 2H). FAB MS, [M+H] + =511. 

EXAMPLE 160 

2-{[1-f2-Carbamimidovl-Dvridine-4-vlmethv lV2-oxoDvrrolidin-3-fSVvn-(7- 
methoxynaDhthale ne-2-sulfonvnaminol-N-Dhenethvlacetamide 
35 trifluoroacetate. 
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A. 2-rri-(2-CvanoDvridine-4- ylmethvn-2-oxopvrrolidin-3-fS^-vl1-^7- 

methoxvnaDhthalene-2-sulfon ynaminol-N-phenethylacetamide. 

The title compound is prepared as described in EXAMPLE 127, Part C using 

2- [[1-(2-cyan-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxy- 

5 naphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5-cyanothiophene- 

3- ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2-sulfonyl)amino- 
]acetic acid and with phenethylamine instead of NH 4 OH. The crude product is 
purified by column chromatography eluting with gradient of 50% EtOAc/CH 2 CI 2 
to 2% MeOH//50% EtOAc/CH 2 CI 2 to afford the title compound as a white solid. 

1 0 1 H NMR (CDCI 3 , 300 MHz) 8 8.70 (d, 1 H), 8.39 (s, 1 H), 7.89 (d, 1 H), 7.80 (d, 
1H), 7.69 (s, 1H), 7.50 (d, 1H), 7.25 (m, 7H), 7.11 (d, 1H), 4.55 (AB, 2H), 4.31 
(bs, 1H), 3.94 (m, 1H), 3.90 (s, 3H), 3.81 (AB, 2H), 3.38 (m, 2H), 3.26 (m, 2H), 
2.65 (m, 2H), 2.35 (m, 1H), 1.85 (m, 1H). 

15 B. 2-fri-f2-Carbamimidovl-pvridin6- 4-vlmethvn-2-oxopvrrQlidin-3-(S^-yl1-f7- 
methoxvnaphthalene-2-sulfon vnamino>-N-Dhenethvlflcetamida 
trifluoroacetate. 

2-[[1-(2-Cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide is converted to 

20 the title compound as described in EXAMPLE 154, Part B. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.52 (bs, 2H), 9.37 (bs, 2H), 8.75 (d, 1H), 8.44 

25 (s, 1H), 8.19 (m, 1H), 8.03 (d, 1H), 7.99 (s, 1H), 7.97 (d, 1H), 7.77 (dd, 1H), 7.65 
(d, 1H), 7.57 (s, 1H), 7.36 (dd, 1H), 7.25 (m, 2H), 7.19 (m, 3H), 4.88 (m, 1H), 
4.51 (AB, 2H), 3.88 (s, 3H), 3.79 (AB, 2H), 3.22 (m, 4H), 2.64 (m, 2H), 2.18 (m, 
1H), 2.09 (m, 1H). FAB MS, [M+H] + =615. 

30 EXAMPLE 161 

4- f3-^SVrf7-Methoxvnaphthalene-2-sulfonvn-thiophen-3 -vlmethvlaminoy2- 
oxoDvrrolidin-1-vlmethvl}pyridine-2-carboxamidine trifl uoroacetate. 

A. 7-Methoxynaphthalene-2- sulfonic acid-[1 -(2-cyanopvrldin-4-ylmethyn-2- 
35 oxopyrrolldln-3-(S)-yl]thlophen-3-ylm ethylamide. 

The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid [1- 
(2-cyanopyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as described in 
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EXAMPLE 141, Part D using 3-bromomethylthiophene in place of benzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 
compound as a white solid. 
5 1 H NMR (CDCI 8 , 300 MHz) 8 8.65 (d, 1 H), 8.47 (s, 1 H), 7.95 (m, 2H), 7.80 (d, 
1H), 7.57 (s, 1H), 7.43 (d, 1H), 7.25 (m, 4H), 7.08 (d, 1H), 4.49 (AB, 2H), 4.45 
(m, 3H), 3.94 (s, 3H), 3.19 (m, 2H), 2.34 (m, 1H), 2.20 (m, 1H). 

B. 4-(3-fS)-f(7-MethoxvnaDhthalene-2-sulfonvnthiophen-3-vlmethvlamino]-2. 

10 oxoDvrrolidin-1-vlmethvl)Dvridine-2-carboxamidine trifluoroaoetate. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(2-cyanopyridin-4-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]thiophen-3-ylmethylamide is converted to the title 
compound as described in EXAMPLE 154, Part B. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 

1 5 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.43 (bs, 2H), 9.17 (bs, 2H), 8.66 (d, 1H), 8.35 
(s, 1H), 7.94 (d, 1H), 7.88 (s, 1H), 7.87 (d, 1H), 7.73 (d, 1H), 7.51 (d, 1H), 7.45 
(s, 1H), 7.34 (m, 1H), 7.29 (m, 2H), 6.92 (d, 1H), 4.70 (m, 1H), 4.34 (s, 2H), 4.30 

20 (AB, 2H), 3.80 (s, 3H), 3.12 (m, 1H), 3.00 (m, 1H), 2.10 (m, 1H), 1.77 (m, 1H). 
FAB MS, [M+H] + =550. 

EXAMPLE 162 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino]-2- 
25 oxoDvrrolidin-1-vlmethvl}thiophene-2-carboxamidine trifluoroacetate. 

A. 7-Methoxynaphthalene-2-sulfonic acid [1-(2-cyanothiophene-4-ylmethyl)-2- 

oxopyrrolidin-3-(S)-yl]thiophene-3-ylmethylamide. 

The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid 

30 [1-(2-cyanothiophen-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.5 1g, 1.16 
mmol) as described in EXAMPLE 126, Part A, using 3-bromomethylthiophene 
in place of methyl iodide. The crude product is purified by column 
chromatography eluting with 60% EtOAc/hexanes to afford 7-methoxy- 
naphthalene-2-sulfonic acid-[1-(2-cyanothiophene-4-ylmethyl)-2-oxopyrrolidin- 

35 3-(S)-yl]thiophene-3-ylmethylamide.as a white solid (0.18 g, 0.33 mmol). 
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1 H NMR (CDCI3, 300 MHz) 8 8.44 (s, 1H), 7.93 (m, 2H), 7.78 (d, 1H), 7.46 (d, 
1H), 7.24 (m, 3H), 7.13 (s, 4H), 7.05 (d, 1H), 4.2-4.6 (2AB, 4H), 4.44 (t, 1H), 3.72 
(s, 3H), 3.12 (m, 2H), 2.25 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =538. 

5 B. 4-(3-fS^- r(7-Methoxvnaphthalen6-2-sulfonvnthiophen-3-vlmethvlamino1-2- 
oxoDvrrolidin-1-vlmethvl)thioDhene-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]thiophene-3-ylmethylamide (0.18, 0.33 mmol) is 
converted as described in EXAMPLE 125, Part D. The crude product is purified 

1 0 by RP-HPLC eluting in a gradient of 25% CH 3 CN/H 2 0 (0. 1 % TFA) to 80% 

CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.083 g, 0.12 mmol). 
1 H NMR (DMSO-d 6 , 300 MHz) 8 8.43 (s, 1H), 7.92 (d, 1H), 7.83 (m, 4H), 7.39 (s, 
1H), 7.28 (m, 2H), 7.17 (s 1H), 6.97 (d, 1H), 4.64 (t 1H), 4.43 (2 AB, 4H), 3.92 (s, 

15 3H), 3.18 (m, 2H), 2.22 (m, 1H), 1.96 (m, 1H). FAB MS, [M+H] + =555. 

Elemental analysis calculated with 1 mole of H 2 0: C=48.97%, H=4.26%, 
N=8.16%; found C=48.80%, H=4.34%, N=7.88%. 

EXAMPLE 163 

20 4-{3-(SV[(4-f6-Nitro-2-chlorophenoxy)benzenesulfonyhamino]-2-oxopyrrolidin- 
1 -vlmethvlUhiophene-2-carboxamidine trifluoroacetate. 

A. 4-f3-fSUrf4-r6-Nitro-2-chlorophenoxv)benzenesulfonvnamino1-2- 
oxopvrrolidin-1-vlmethvlMhiophene-2-carbononitrile 

25 4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1-ylmethyl}thiophene-2-carbononitrile is prepared as described in EXAMPLE 
125, Part C from of 4-(3-Amino-2-oxopyrrolidine-1-ylmethyl)thiophene-2- 
carbonitrile hydrochloride (0.36 g, 1.4 mmol), and 4-(6-Nitro-2-chlorophenoxy)- 
benzenesulfonyl chloride (0.63 g, 1 .8 mmol) and triethyl amine (0.57 g, 5.7 

30 mmol). After 18 hours, the solution is diluted with CH 2 CI 2 and 0.5 N HCI. The 
layers are separated; the organic layer is dried over Na 2 S0 4 , filtered and 
concentrated. The crude product is triturated with ether to afford the title 
compound (0.72 g, 1.35 mmol) as a white foam. 

1 H NMR (CD3OD, 300 MHz) 8 8.03 (d, 1H), 7.91 (two d, 3H), 7.69 (s, 1H), 7.63 
35 (S, 1H), 7.53 (dd, 1H) 7.02 (d, 2H), 4.42 (AB, 2H), 4.11 (t, 1H), 3.23 (m, 2H), 2.23 
(m, 1H), 1.71 (m, 1H). FAB MS, [M+H] + =533; 535. 
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B. 4-{3-fSVr^4-f6 -Nitro-2-chlorophenoxy)benzenesulfonynamino]-2- 
oxoDvrrolidin-1-vlmethvl)thiophene-2-carboxamidine trifl uoroacetate . 

4- {3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1-ylmethyl}thiophene-2-carbononitrile (0.408, 0.75 mmol) is converted to the 

5 title compound as described in EXAMPLE 125, Part D. The crude product is 
purified by repeated RP-HPLC, eluting with a gradient of 10% CH 3 CN/H 2 0 
(0.1% TFA) to 100% CH 3 CN/H 2 0 (0.1% TFA). The appropriate product 
fractions are iyophilized to provide the title compound as a white solid (0.22 g, 
0.33 mmol). 

1 0 1 H NMR (CD 3 OD, 300 MHz) 5 8.04 (d, 1 H), 7.92 (two d, 3H), 7.86 (s, 1 H), 7.78 
(s, 1H), 7.56 (dd, 1H) 7.02 (d, 2H), 4.46 (AB, 2H), 4.10 (t, 1H), 3.28 (m, 2H), 2.24 
(m, 1H), 1.85 (m, 1H). FAB MS, [M+H] + =550; 552. 

EXAMPLE 164 

15 5-{3-fSV[(7-Methoxvnaphthalene-2-sulfonylamino1-2-oxopvrr olidin-1-ylmethvl}- 
furan-2-carboxamidine trifluoroacetate. 

A. 5-Bromomethylfuran-2-carbononitrile 

5- Hydoxymethylfuran-2-carbononitrile (1.12 g, 9.1 mmol) is dissolved in THF 
20 (75 mL), treated with triphenylphosphine (2.9 g, 1 1.06 mmol), carbon 

tetrabromide (3.78 g, 1 1.4 mmol) and stirred at room temperature for 18 hours. 

Standard workup yields the title compound (1.45 g, 7.8 mmol). 

1 H NMR (CDCI 3 , 300 MHz) 8 7.04 (d, 2H), 6.50 (d, 1H), 4.43 (s, 2H). 

25 B. 5-(3-Amino-2-oxopyrrolidine-1-ylmethyhfuran-2-carbonitrile hydrochloride 
A solution of (2-oxopyrrolidin-3-(S)-yl)carbamic acid ferf-butyl ester (1.56 g, 7.8 
mmol) in 80 mL of THF:DMF (5:1) is treated with 5-bromomethylfuran-2-carbo- 
nitrile (3.23 g, 16 mmol) and sodium hydride (60%) (0.32 g, 8 mmol) as 
described in EXAMPLE 122, Part F. After addition, the solution is allowed to 

30 warm to ambient temperatures. After 5 hours, the solution is quenched by the 
addition of sat. NH 4 CI. The solution is diluted with EtOAc and washed with H 2 0 
(3x) and saturated NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The crude product is purified by column chromatography eluting 
with gradient of 40% EtOAc/hexanes to 80% EtOAc/hexanes to afford [1-(5- 

35 cyanofuran-2-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl ester (2.38 
g, 7.8 mmol) as a white solid. A portion of this material (1.28 g, 4.2 mmol) is 
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treated as described in EXAMPLE 122, Part G to yield the title compound (1.1 
g, 4.55 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.73 (bs, 3H), 7.45 (d, 1H), 6.73 (d, 1H), 4.50 
(s, 2H), 3.95 (m, 1H), 3.30 (m, 2H), 2.31 (m, 1H), 1.98 (m, 1H). El MS, M + =205. 

5 

C. 7-Methoxvnaphthalene-2-sulfonic acid M-(2-cvanofuran-5-ylmathyl)-2- 
oxopyrrolidin-3-(S)-yl]- amide. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(2-cyanofuran-5-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is prepared as described in EXAMPLE 125, Part C 

10 from of 5-(3-amino-2-oxopyrrolidine-1-ylmethyl)furan-2-carbonitrile 

hydrochloride (1.1 g, 4.55 mmol), and 7-methoxynaphthalene-2-sulfonyl 
chloride (1.52 g, 5.9 mmol). After 16 hours, the solution is diluted with CH 2 CI 2 . 
The organic layer is washed with 0.5 N HCI, water and sat. NaCI. The organic 
layer is dried over Na 2 S0 4 , filtered and concentrated. The crude product is 

15 purified by column chromatography eluting with 10% EtOAc/CH 2 CI 2 to afford 
the title compound (0.88 g, 2.07 mmol) as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.33 (s, 1H), 7.86 (d, 1H), 7.74 (m, 2H), 7.27 (dd, 
1H), 7.22 (d, 1H), 6.97 (d, 1H), 6.35 (d, 1H), 5.61 (d, 1H), 4.40 (AB, 2H), 3.93 (s, 
3H), 3.73 (m, 1H), 3.28 (m, 2H), 2.57 (m, 1H), 2.08 (m, 1H). El MS, [M] + =425. 

20 

D. 5-(3-(S)-[(7-Methoxynaphthalene-2-sulfonvlaminol-2-oxopyrrolidin-1- 
ylmethyl}furan-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid-[1-(2-cyanofuran-5-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.355 g, 0.83 mmol) is converted as described in 

25 EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid 
(0.365 g, 0.625 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.40 (s, 1H), 7.94 (d, 1H), 7.87 (d, 1H), 7.74 
30 (dd, 1 H), 7.48 (d, 1 H), 7.38 (d, 1 H), 7.28 (dd, 1 H), 6.64 (d, 1 H), 4.53 (AB, 2H), 
4.14 (t, 1H), 3.93 (s, 3H), 3.28 (m, 2H), 2.12 (m, 1H), 1.74 (m, 1H). FAB MS, 
[M+H] + =443. Elemental analysis calculated with 1 .5 mole of H 2 0: C=47.34%, 
H=4.49%, N=9.61%; found C=47.25%, H=4.05%, N=9.13%. 

35 EXAMPLE 165 

4-[3-(SV(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylaminoV2- 
Oxopyrrolidin-1-ylmethyl]furan-2-carbQxamidine trifluoroacetate- 
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A. 4-Hvdroxvmet hvlfuran-2-carbonitrile 

A solution of furan-3-ylmethanol (9.68 g, 98.7 mmol) in THF (150 ml_) at -78°C 
is treated with n-butyl lithium (65 ml_ of 1.6 M solution) for 1 hour followed by 
and s-butyl lithium (86 ml_ of 1.3 M solution) for 4 hours. A solution of iodine 
5 (29 g, 1 14 mmol) in THF (250 ml_) is added and the solution is slowly warmed 
to room temperature. After stirring overnight the reaction mixture is diluted with 
ether, washed with brine, dried (MgS04) and concentrated. Chromatographic 
purification (30% ethyl acetate/hexane) yielded the title compound as a dark 
red oil (13.7 g, 61.2 mmol) contaminated with furan-3-ylmethanol. This 
10 material is treated as described in EXAMPLE 122, Part C; the crude product is 
chromatographed with ethyl acetate/hexane (30-40%) to yield pure title 
compound (1.25 g, 10.1 mmol). 

1 H NMR (CDCIg, 300 MHz) 5 7.53 (s, 1H), 7.14 (s, 1H), 4.56 (s, 2H); El MS, 
M + =123. 

15 

B. 3-Bromomethvlfuran-5-carbonitrile 

The title compound is prepared as described in EXAMPLE 122, Part D except 
that 4-hydroxymethylthiophene-2-carbonitrile is replaced with 4-hydroxy- 
methyl-furan-2-carbonitrile (1.24 g, 10.1 mmol); yield: (0.78 g, 3.9 mmol). 
20 1 H NMR (CDCI 3 , 300 MHz) 8 7.59 (s, 1 H), 7.12 (s, 1 H), 4.30 (s, 2H); El MS, M + = 
185/187. 

C. 4-(3-Amino- 2-oxopyrrolidine-1-ylmethvnfuran-2-carbonitrile 

A solution of (2-oxopyrrolidin-3-(S)-yl)carbamic acid tert-butyl ester (0.78 g, 3.9 
25 mmol) in 40 mL of THF:DMF (5:1) is treated with 3-bromomethylfuran-5- 

carbonitrile (0.73 g, 3.9 mmol) and sodium hydride (60%) (0.10 g, 4.2 mmol) as 
described in EXAMPLE 122, Part F. After addition, the solution is allowed to 
warm to ambient temperatures. Standard workup folowed by chromatography 
(5-10% MeOH/CH 2 CI 2 ) affords [1-(2-cyanofuran-4-ylmethyl)-2-oxopyrrolidin-3- 
30 yl]carbamic acid tert-butyl ester (1 .05 g, 7.8 mmol) as a white solid. This 

material is treated with trimethylsilyliodide (0.844 g, 4.22 mmol) and free based 
with Amberlite (OH) resin to yield the title compound (0.926 g, 4.51 mmol). 
1 H NMR (CD3OD, 300 MHz) 8 7.80 (s, 1H), 7.28 (s, 1H), 4.36 (AB, 2H), 3.72 (t, 
1H), 3.38 (m, 2H), 2.43 (m, 1H), 1.80 (m, 1H). 

35 

D. 5-Chloro-3-methvlbenzo[b]thiophene -2-sulfonic acid [1-f2-cyano-furan-4- 
vlmethylV2-oxopyrrolidin-3-(S)-yr]amide. 
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25 



The title compound (0.25 g, 0.56 mmol) is prepared as in EXAMPLE 125, Part 
C, using 5-chloro-3-methylbenzo[b]thiophene-2-sulfonyl chloride (0.39 g, 1 .39 
mmol) and 3-(3-amino-2-oxopyrrolidin-1 -ylmethyl)furan-2-carbononitrile 
(0.25 g, 1.22 mmol). 

1 H NMR (CDCI 3 , 300 MHz) 8 7.78 (s, 1H), 7.73 (d, 1H), 7.49 (s, 3H), 7.45 (d, 
1H), 5.78 (bs, 1H), 4.28 (s, 2H), 3.87(m, 1H), 3.23 (m, 2H), 2.66 (s, 3H), 2.55 (m, 
1H),2.05 (m, 1H). 

E. 4-r3-(SVf5-Chloro-3 -methvlbenzorb1thiQDhene-2-sulfonvlaminoVP. 
OXODvrrolidin-1-vlmeth ynfuran-2-carboxamidina trifluoroacetate. 
5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1 -(2-cyano-furan-4- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.24 g, 0.53 mmol) is converted to the 
title compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 20% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid (0.12 g, 0.2 mmol). 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 9.10 (bs, 2H) 8.68 (d, 1H), 8.09 
(m, 3H), 7.54 (m 2H), 4.19 (AB, 2H), 4.14 (m, 1H), 3.15 (m, 2H), 2.60 (s, 3H), 
2.02 (m, 1H), 1.63 (m, 1H). FAB MS, [M+H] + =467. Elemental analysis 
calculated with 1.5 mole of H 2 0: C=41.48%, H=3.81%, N=9.21%; found 
C=41.51%, H=3.41%, N=8.84%. 

Other compounds prepared according to the procedures above include 
those encompassed by the following formula: 



wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; X 6 is 
hydrogen or amino; and R, is selected from the group of formulae 
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15 Other compounds prepared according to the procedures above include 

those encompassed by the following formula: 
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wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; and R 1 is 
5 selected from the group of formulae 
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CI 




The molecules described herein inhibit blood coagulation by virtue of 
their ability to inhibit the penultimate enzyme in the coagulation cascade, 
5 controlling the activity of Factor Xa. Both the activity of free Factor Xa and 
Factor Xa assembled in the prothrombinase complex (Factor Xa, Factor Va, 
calcium and phospholipid) are inhibited by compounds of formula 1. The 
inhibition of the Factor Xa activity is obtained by direct complex formation 
between the inhibitor and the enzyme and is therefore independent of the 
1 0 plasma co-factor antithrombin III. Effective inhibition of the Factor Xa activity is 
achieved by administering the compounds either by oral administration, 
continuous intravenous infusion, bolus intravenous administration or any other 
parenteral route such that it achieves the desired effect of preventing the 
activity of Factor Xa induced formation of thrombin from prothrombin. 

15 

Anticoagulant therapy is indicated for the treatment and prophylaxis of a 
variety of thrombotic conditions of both the venous and arterial vasculature. In 
the arterial system, abnormal thrombus formation is primarily associated with 
arteries of the coronary, cerebral and peripheral vasculature. The diseases 

20 associated with thrombotic occlusion of these vessels principally include acute 
myocardial infarction (AMI), unstable angina, thromboembolism, acute vessel 
closure associated with thrombolytic therapy and percutaneous transluminal 
coronary angioplasty (PTCA), transient ischemic attacks, stroke, intermittent 
claudication and bypass grafting of the coronary (CABG) or peripheral arteries. 

25 Chronic anticoagulant therapy may also be beneficial in preventing the vessel 
luminal narrowing (restenosis) that often occurs following PTCA and CABG, 
and in the maintenance of vascular access patency in long-term hemodialysis 
patients. With respect to the venous vasculature, pathologic thrombus 
formation frequently occurs in the veins of the lower extremities following 

30 abdominal, knee and hip surgery (deep vein thrombosis, DVT). DVT further 
predisposes the patient to a higher risk of pulmonary thromboembolism. A 
systemic, disseminated intravascular coagulopathy (DIC) commonly occurs in 
both vascular systems during septic shock, certain viral infections and cancer. 
This condition is characterized by a rapid consumption of coagulation factors 

35 and their plasma inhibitors resulting in the formation of life-threatening 
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thrombin throughout the microvasculature of several organ systems. The 
indications discussed above include some, but not all, of the possible clinical 
situations where anticoagulant therapy is warranted. Those experienced in this 
field are well aware of the circumstances requiring either acute or chronic 
5 prophylactic anticoagulant therapy. 

These compounds may be used alone or in combination with other 
diagnostic, anticoagulant, antiplatelet or fibrinolytic agents. For example 
adjunctive administration of inhibitors of the activity of Factor Xa with standard 

10 heparin, low molecular weight heparin, direct thrombin inhibitors (i.e. hirudin), 
aspirin, fibrinogen receptor antagonists, streptokinase, urokinase and/or tissue 
plasminogen activator may result in greater antithrombotic or thrombolytic 
efficacy or efficiency. The compounds described herein may be administered to 
treat thrombotic complications in a variety of animals such as primates 

15 including humans, sheep, horses, cattle, pigs, dogs, rats and mice. Inhibition of 
factor Xa is useful not only in the anticoagulant therapy of individuals having 
thrombotic conditions but is useful whenever inhibition of blood coagulation is 
required such as to prevent coagulation of stored whole blood and to prevent 
coagulation in other biological samples for testing or storage. Thus, any 

20 inhibitor of Factor Xa activity can be added to or contacted with any medium 
containing or suspected of containing Factor Xa and in which it is desired that 
blood coagulation be inhibited. 

In addition to their use in anticoagulant therapy, inhibitors of Factor Xa 
25 activity may find utility in the treatment or prevention of other physiological 

conditions in which the generation of thrombin has been implicated as playing 
a pathologic role. For example, thrombin has been proposed to contribute to 
the morbidity and mortality of such chronic and degenerative diseases as 
arthritis, cancer, atherosclerosis and Alzheimer's disease by virtue of its ability 
30 to regulate many different cell types through specific cleavage and activation of 
a cell surface thrombin receptor. Inhibition of factor Xa activity will effectively 
block thrombin generation and therefore neutralize any pathologic effects of 
thrombin on various cell types. 

35 According to a further feature of the invention there is provided a method 

for the treatment of a human or animal patient suffering from, or subject to, a 
physiological condition which can be ameliorated by the administration of an 
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inhibitor of the Factor Xa activity, for example conditions as hereinbefore 
described, which comprises the administration to the patient of a 
therapeutically effective amount of compound of formula I or a composition 
containing a compound of formula I. "Effective amount" is meant to describe an 
5 amount of compound of the present invention effective in inhibiting the activity 
of Factor Xa and thus producing the desired therapeutic effect. 

The present invention also includes within its scope pharmaceutical 
formulations which comprise at least one of the compounds of formula I in 
10 association with a pharmaceutical^ acceptable carrier or coating. 

In practice compounds of the present invention may generally be 
administered parenterally, intravenously, subcutaneously intramuscularly, 
colonically, nasally, intraperitoneal^, rectally or orally. 

15 

The products according to the invention may be presented in forms 
permitting administration by the most suitable route and the invention also 
relates to pharmaceutical compositions containing at least one product 
according to the invention which are suitable for use in human or veterinary 

20 medicine. These compositions may be prepared according to the customary 
methods, using one or more pharmaceutical^ acceptable adjuvants or 
excipients. The adjuvants comprise, inter alia, diluents, sterile aqueous media 
and the various non-toxic organic solvents. The compositions may be 
presented in the form of tablets, pills, granules, powders, aqueous solutions or 

25 suspensions, injectable solutions, elixirs or syrups, and can contain one or 
more agents chosen from the group comprising sweeteners, flavorings, 
colorings, or stabilizers in order to obtain pharmaceutical^ acceptable 
preparations. 

30 The choice of vehicle and the content of active substance in the vehicle 

are generally determined in accordance with the solubility and chemical 
properties of the product, the particular mode of administration and the 
provisions to be observed in pharmaceutical practice. For example, excipients 
such as lactose, sodium citrate, calcium carbonate, dicalcium phosphate and 

35 disintegrating agents such as starch, alginic acids and certain complex 

silicates combined with lubricants such as magnesium stearate, sodium lauryl 
sulfate and talc may be used for preparing tablets. To prepare a capsule, it is 
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advantageous to use lactose and high molecular weight polyethylene glycols. 
When aqueous suspensions are used they can contain emulsifying agents or 
agents which facilitate suspension. Diluents such as sucrose, ethanol, 
polyethylene glycol, propylene glycol, glycerol and chloroform or mixtures 
5 thereof may also be used. 

For parenteral administration, emulsions, suspensions or solutions of 
the products according to the invention in vegetable oil, for example sesame 
oil, groundnut oil or olive oil, or aqueous-organic solutions such as water and 

10 propylene glycol, injectable organic esters such as ethyl oleate, as well as 
sterile aqueous solutions of the pharmaceutical^ acceptable salts, are used. 
The solutions of the salts of the products according to the invention are 
especially useful for administration by intramuscular or subcutaneous injection. 
The aqueous solutions, also comprising solutions of the salts in pure distilled 

15 water, may be used for intravenous administration with the proviso that their pH 
is suitably adjusted, that they are judiciously buffered and rendered isotonic 
with a sufficient quantity of glucose or sodium chloride and that they are 
sterilized by heating, irradiation or microfiltration. 

20 Suitable compositions containing the compounds of the invention may 

be prepared by conventional means. For example, compounds of the 
invention may be dissolved or suspended in a suitable carrier for use in a 
nebulizer or a suspension or solution aerosol, or may be absorbed or 
adsorbed onto a suitable solid carrier for use in a dry powder inhaler. 

25 

Solid compositions for rectal administration include suppositories 
formulated in accordance with known methods and containing at least one 
compound of formula I. 



30 The percentage of active ingredient in the compositions of the invention 

may be varied, it being necessary that it should constitute a proportion such 
that a suitable dosage shall be obtained. Obviously, several unit dosage forms 
may be administered at about the same time. The dose employed will be 
determined by the physician, and depends upon the desired therapeutic effect, 

35 the route of administration and the duration of the treatment, and the condition 
of the patient. In the adult, the doses are generally from about 0.01 to about 
100, preferably about 0.01 to about 10, mg/kg body weight per day by 
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inhalation, from about 0.01 to about 100, preferably 0.1 to 70, more especially 
0.5 to 10, mg/kg body weight per day by oral administration, and from about 
0.01 to about 50, preferably 0.01 to 10, mg/kg body weight per day by 
intravenous administration. In each particular case, the doses will be 
5 determined in accordance with the factors distinctive to the subject to be 
treated, such as age, weight, general state of health and other characteristics 
which can influence the efficacy of the medicinal product. 

The products according to the invention may be administered as 
10 frequently as necessary in order to obtain the desired therapeutic effect. Some 
patients may respond rapidly to a higher or lower dose and may find much 
weaker maintenance doses adequate. For other patients, it may be necessary 
to have long-term treatments at the rate of 1 to 4 doses per day, in accordance 
with the physiological requirements of each particular patient. Generally, the 
15 active product may be administered orally 1 to 4 times per day. It goes without 
saying that, for other patients, it will be necessary to prescribe not more than 
one or two doses per day. 

Compounds within the scope of the present invention exhibit marked 
20 pharmacological activities according to tests described in the literature which 
tests results are believed to correlate to pharmacological activity in humans 
and other mammals. The following pharmacological test results are typical 
characteristics of compounds of the present invention. 

25 Factor Xa Inhibitor: Enzyme Assay Methods 

Please find below a section describing the methods used for evaluating 
the activity of the compounds used in the factor Xa program for insertion into 
the patent. 

30 

Enzyme Assays: 

The ability of the compounds in the present invention to act as inhibitors 
of factor Xa, thrombin, trypsin, tissue-plasminogen activator (t-PA), urokinase- 
35 plasminogen activator (u-PA), plasmin and activated protein C is evaluated by 
determining the concentration of inhibitor which resulted in a 50% loss in 
enzyme activity (IC50) using purified enzymes. 
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All enzyme assays are carried out at room temperature in 96-well 
microtiter plates using a final enzyme concentration of 1 nM. The 
concentrations of factor Xa and thrombin are determined by active site titration 
5 and the concentrations of all other enzymes are based on the protein 

concentration supplied by the manufacturer. Compounds according to the 
invention are dissolved in DMSO, diluted with their respective buffers and 
assayed at a maximal final DMSO concentration of 1.25%. Compound 
dilutions are added to wells containing buffer and enzyme and pre-equilibrated 

10 for between 5 and 30 minutes. The enzyme reactions are initiated by the 
addition of substrate and the color developed from the hydrolysis of the 
peptide-p-nitroanilide substrates is monitored continuously for 5 minutes at 405 
nm on a Vmax microplate reader (Molecular Devices). Under these conditions, 
less than 10% of the substrate is utilized in all assays. The initial velocities 

15 measured are used to calculate the amount of inhibitor which resulted in a 50% 
reduction of the control velocity (IC50). The apparent Ki values are then 
determined according to the Cheng-Prusoff equation (IC50 = Ki [1+[S]/Km]) 
assuming competitive inhibition kinetics. 

20 By way of example, 5-pyrid-2-yl-thiophene-2-sulfonic acid {1-[3- 

aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate has 
a Ki value of 100 nM. 



By way of example, 7-methoxy naphthalene-2-sulfonic acid {1-[3- 
25 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}acid trifluoroacetate has a 
Ki value of 35 nM. 



An additional in vitro assay may be used to evaluate the potency of 
compounds according to the invention in normal human plasma. The activated 

30 partial thromboplastin time is a plasma-based clotting assay that relies on the 
in situ generation of factor Xa, its assembly into the prothrombinase complex 
and the subsequent generation of thrombin and fibrin which ultimately yields 
the formation of a clot as the assay endpoint. This assay is currently used 
clinically to monitor the ex vivo effects of the commonly used anticoagulant 

35 drug heparin as well as direct acting antithrombin agents undergoing clinical 
evaluation. Therefore, activity in this in vitro assay is considered as a surrogate 
marker for in vivo anticoagulant activity. 
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Human Plasma Based Clotting Assay: 

Activated partial thromboplastin clotting times are determined in duplicate on a 
MLA Electra 800 instrument. A volume of 100 \i\ of citrated normal human 
5 pooled plasma (George King Biomedical) is added to a cuvette containing 100 
pj of a compound according to the invention in Tris/NaCI buffer (pH 7.5) and 
placed in the instrument. Following a 3 minute warming period the instrument 
automatically adds 100 \x\ of activated cephaloplastin reagent (Actin, Dade) 
followed by 100 \i\ of 0.035 M CaCl2 to initiate the clotting reaction. Clot 
10 formation is determined spectrophotometrically and measured in seconds. 
Compound potency is quantitated as the concentration required to double a 
control clotting time measured with human plasma in the absence of the 
compound according to the invention. 

15 A compound according to the invention may also be evaluated for their 

in vivo antithrombotic efficacy in two well established animal experimental 
models of acute vascular thrombosis. A rabbit model of jugular vein 
thrombosis and a rat model of carotid artery thrombosis are used to 
demonstrate the antithrombotic activity of these compounds in distinct animal 

20 model paradigms of human venous thrombosis and arterial thrombosis, 
respectively. 

Experimental In Vivo Rabbit Venous Thrombosis Model: 

This is a well characterized model of fibrin rich venous thrombosis that is 

25 validated in the literature and shown to be sensitive to several anticoagulant 
drugs including heparin (Antithrombotic Effect of Recombinant Truncated 
Tissue Factor Pathway Inhibitor (TFPI 1-161) in Experimental Venous 
Thrombosis-a Comparison with Low Molecular Weight Heparin, J. Hoist, B. 
Lindblad, D. Bergqvist, O. Nordfang, P.B. Ostergaard, J.G.L. Petersen, G. 

30 Nielsen and U. Hedner. Thrombosis and Haemostasis . 71 . 214-219 (1994). 
The purpose of utilizing this model is to evaluate the ability of compounds to 
prevent the formation of venous thrombi (clots) in vivo generated at a site of 
injury and partial stasis in the jugular vein. 

35 Male and female New Zealand white rabbits weighing 1.5-2 kg are 

anesthetized with 35 mg/kg of ketamine and 5 mg/kg xylazine in a volume of 
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1 ml/kg (i.m.). The right jugular vein is cannulated for infusion of anesthetic 
(ketamine/xylazine 17/2.5 mg/kg/hr at a rate of approximately 0.5 ml/hr) and 
administration of test substances. The right carotid artery is cannulated for 
recording arterial blood pressure and collecting blood. samples. Body 
5 temperature is maintained at 39°C with a GAYMAR T-PUMP. The left external 
jugular vein is isolated and all side branches along an exposed 2-3 cm of 
vessel are tied off. The internal jugular vein is cannulated, just above the 
bifurcation of the common jugular, and the tip of the cannula is advanced just 
proximal to the common jugular vein. A 1 cm segment of the vein is isolated 

1 0 with non-traumatic vascular clamps and a relative stenosis is formed by tying a 
ligature around the vein with an 18G needle just below the distal most clamp. 
This creates a region of reduced flow and partial stasis at the injury site. The 
isolated segment is gently rinsed with saline 2-3 times via the cannula in the 
internal jugular. Thereafter the isolated segment is filled with 0.5 ml of 0.5% 

1 5 polyoxyethylene ether (W-1) for 5 minutes. W-1 is a detergent which disrupts 
the endothelial cell lining of the segment, thus providing a thrombogenic 
surface for initiating clot formation. After 5 minutes the W-1 is withdrawn from 
the segment, and the segment is again gently rinsed with saline 2-3 times. The 
vascular clamps are then removed, restoring blood flow through this portion of 

20 the vessel. Clot formation is allowed to form and grow for 30 minutes after 
which the vein is cut just below the stenotic ligature and inspected for blood 
flow (the absence of blood flow is recorded as complete occlusion). The entire 
isolated segment of vein is then ligated and the formed clot is removed and 
weighed (wet weight). The effect of test agents on final clot weights is used as 

25 the primary end point. Animals are maintained for an additional thirty minutes 
to obtain a final pharmacodynamic measure of anticoagulation. Drug 
administration is initiated 15 minutes prior to vascular injury with W-1 and 
continued through the period of clot formation and maturation. Three blood 
samples (3 ml ea.) are obtained for evaluation of hemostatic parameters: one 

30 just prior to administration of W-1 ; a second 30 minutes after removal of the 
vascular clamps and a third at the termination of the experiment. 
Antithrombotic efficacy is expressed as a reduction in the final clot weight in 
preparations treated with a compound according to the invention relative to 
vehicle treated control animals. 

35 

Experimental In Vivo Rat Arterial Thrombosis Model: 
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The antithrombotic efficacy of factor Xa inhibitors against platelet-rich 
arterial thrombosis may be evaluated using a well characterized rat carotid 
artery FeCI 2 -induced thrombosis model (Superior Activity of a Thromboxane 
Receptor Antagonist as Compared with Aspirin in Rat Models of Arterial and 
5 Venous Thrombosis, W.A. Schumacher, C.L Heran, T.E. Steinbacher, S. 

Youssef and M.L Ogletree. Journal of Cardiovascular Pharmacology . 22, 526- 
533 (1993); Rat Model of Arterial Thrombosis Induced by Ferric Chloride, K.D. 
Kurtz, B.W. Main, and G.E. Sandusky. Thrombosis Research . £Q, 269-280 
(1990); The Effect of Thrombin Inhibition in a Rat Arterial Thrombosis Model, 
10 R.J. Broersma, L.W. Kutcherand E.F. Heminger. Thrombosis Research 64. 
405-412 (1991). This model is widely used to evaluate the antithrombotic 
potential of a variety of agents including heparin and the direct acting thrombin 
inhibitors. 

15 Sprague Dawley rats weighing 375-450 g are anesthetized with sodium 

pentobarbital (50 mg/kg i.p.). Upon reaching an acceptable level of 
anesthesia, the ventral surface of the neck is shaved and prepared for aseptic 
surgery. Electrocardiogram electrodes are connected and lead II is monitored 
throughout the experiment. The right femoral vein and artery are cannulated 

20 with PE-50 tubing for administration of a compound according to the invention 
and for obtaining blood samples and monitoring blood pressure, respectively. 
A midline incision is made in the ventral surface of the neck. The trachea is 
exposed and intubated with PE-240 tubing to ensure airway patency. The right 
carotid artery is isolated and two 4-0 silk sutures are placed around the vessel 

25 to facilitate instrumentation. An electromagnetic flow probe (0.95-1.0 mm 

lumen) is placed around the vessel to measure blood flow. Distal to the probe 
a 4x4 mm strip of parafilm is placed under the vessel to isolate it from the 
surrounding muscle bed. After baseline flow measurements are made, a 2x5 
mm strip of filter paper previously saturated in 35% FeCfe is placed on top of 

30 the vessel downstream from the probe for ten minutes and then removed. The 
FeCI 2 is thought to diffuse into the underlying segment of artery and cause 
deendothelialization resulting in acute thrombus formation. Following 
application of the FeCI 2 -soaked filter paper, blood pressure, carotid artery 
blood flow and heart rate are monitored for an observation period of 60 

35 minutes. Following occlusion of the vessel (defined as the attainment of zero 
blood flow), or 60 minutes after filter paper application if patency is maintained, 
the artery is ligated proximal and distal to the area of injury and the vessel is 
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excised. The thrombus is removed and weighed immediately and recorded as 
the primary end point of the study. 

Following surgical instrumentation a control blood sample (B1) is drawn. 
5 All blood samples are collected from the arterial catheter and mixed with 
sodium citrate to prevent clotting. After each blood sample, the catheter is 
flushed with 0.5 ml of 0.9% saline. A compound according to the invention is 
administered intravenously (i.v.) starting 5 minutes prior to FeCI 2 application. 
The time between FeCI 2 application and the time at which carotid blood flow 

10 reached zero is recorded as time to occlusion (TTO). For vessels that did not 
occlude within 60 minutes, TTO is assigned a value of 60 minutes. Five 
minutes after application of FeCl2, a second blood sample is drawn (B2). After 
10 minutes of FeCfe exposure, the filter paper is removed from the vessel and 
the animal is monitored for the remainder of the experiment. Upon reaching 

15 zero blood flow blood a third blood sample is drawn (B3) and the clot is 

removed and weighed. Template bleeding time measurements are performed 
on the forelimb toe pads at the same time that blood samples are obtained. 
Coagulation profiles consisting of activated partial thromboplastin time (APTT) 
and prothrombin time (PT) are performed on all blood samples. In some 

20 instances a compound according to the invention may be administered orally. 
Rats are restrained manually using standard techniques and compounds are 
administered by intragastric gavage using a 18 gauge curved dosing needle 
(volume of 5 ml/kg). Fifteen minutes after intragastric dosing, the animal is 
anesthetized and instrumented as described previously. Experiments are then 

25 performed according to the protocol described above. 

The present invention may be embodied in other specific forms without 
departing from the spirit or essential attributes thereof. 
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WHAT IS CLAIMED IS: 



1 . A compound of formula I 



5 




R is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, 
10 optionally substituted heteroaralkyl or hydroxyalkyl; 

R 1 is hydrogen, R 3 S(0) p - or R 3 R 4 NS(0) p -; 

R 2 is hydrogen, or when X 5 and X 5 , taken together are =NR 5 , then R 2 is 
15 hydrogen, optionally substituted lower alkyl, optionally substituted aralkyl or 
optionally substituted heteroaralkyl; 

R 3 is optionally substituted alkyl, optionally substituted cycloalkyl, optionally 
substituted heterocyclyl, optionally substituted aryl, optionally substituted 
20 heteroaryl, optionally substituted aralkyl, optionally substituted heteroaralkyl, 
optionally substituted aralkenyl or optionally substituted heteroaralkenyl, or R 
and R 0 taken together form a 5 to 7 membered ring; and 

R 4 is optionally substituted alkyl, optionally substituted cycloalkyl or optionally 

25 substituted aryl, optionally substituted heteroaryl, optionally substituted aralkyl 
or optionally substituted heteroaralkyl, or R 3 and R 4 taken together with the 
nitrogen to which R 3 and R 4 are attached form an optionally substituted 4 to 7 
membered heterocyclyl; 
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X, and X v are independently selected from hydrogen, optionally substituted 
alkyl, optionally substituted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl, optionally substituted heteroaralkyl or hydroxyalkyl, or 
5 X, and X r taken together form oxo; 

X 2 and X 2 . are hydrogen, or taken together form oxo; 

X 3 is hydrogen, hydroxy, optionally substituted alkyl, optionally substituted aryl, 

10 optionally substituted heteroaryl, optionally substituted aralkyl or optionally 
substituted heteroaralkyl, or X 3 and one of X t and X r taken together form a 

4 to 7 membered ring; 

X 4 is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, or 
15 hydroxyalkyl; 

X 5 and X 5 , are hydrogen or taken together are =NR 5 ; 

R 5 is hydrogen, R 6 0 2 C-, R 6 0-, cyano, R 6 CO-, optionally substituted lower alkyl, 
20 nitro or Y 1 Y 2 N-; 

Y r and Y 2 ' are independently hydrogen, alkyl, aralkyl or heteroaralkyl; 

X 6 and X 6 . are independently hydrogen, R 7 R 8 N-, R 9 0-, R 7 R 8 NCO-, R 7 R 8 NS0 2 -, 
25 RgCO-, halo, cyano or nitro; 

R 6 is hydrogen, optionally substituted lower alkyl or optionally substituted 
aralkyl or optionally substituted heteroaralkyl; 

30 R 7 and R 8 are independently hydrogen or optionally substituted lower alkyl, or 
one of R 7 and R 8 is hydrogen and the other of R 7 and R 8 is R 10 (O)CCH 2 - or lower 
acyl; 

R 9 is hydrogen, optionally substituted lower alkyl, lower acyl or R 10 (O)CCH 2 -; 

35 

R 10 is hydrogen, optionally substituted lower alkyl, alkoxy or hydroxy; 
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m is 0, 1 , 2 or 3; 
n is 1,2 or 3; or 
5 p is 1 or 2, 

a pharmaceutical^ acceptable salt thereof, an N-oxide thereof, a hydrate 
thereof or a solvate thereof. 

10 2. The compound of claim 1 wherein R 3 is optionally substituted phenyl, 
optionally substituted naphthyl, optionally substituted thienyl or optionally 
substituted benzothienyl. 



15 



3. The compound of claim 1 wherein n is 1, and m is 1. 

4. The compound of claim 1 wherein X 2 and X 2 , taken together are oxo. 

5. The compound of claim 1 wherein X r , X 3 and X 4 are hydrogen. 

20 6. The compound of claim 1 wherein X 5 and X 5 taken together are =NH. 

7. The compound of claim 1 wherein X 5 and X 6 taken together are =NR 5 
wherein R 5 is R 6 0 2 C-. 



0. 



25 8. The compound of claim 1 wherein x — - ' is phenyl and the carbon 
substituted with X 5 , X 5 and HR 2 N- is attached to the 3-position of the phenyl. 



0 

is of 1 



9. The compound of claim 1 wherein v — ' is of the formula 

■ NH 2 



30 NH 
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10. The compound of claim 1 wherein X n is hydrogen and X r is 
carboxyalkyl, alkoxycarbonylalkyl or aryl, or X 1 and X r taken together form oxo. 

5 11. The compound of claim 1 wherein R 1 is R 3 S0 2 -. 

12. The compound of claim 1 wherein R 1 is R 3 R 4 NS0 2 -. 

13. The compound of claim 1 wherein one of X 6 and X 6 . is amino in a para 

X 5 

^x 5 , 

10 position relative to the NHR 2 mo j e t y . 

14. A compound according to claim 1 which is 

Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
15 3-(S)-yl}amide trifluoroacetate; 

Dibenzofuran-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-5-oxopyrrolidin- 
3-yl}amide trifluoroacetate; 

20 Toluene-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

3,4-Dihydro-1 H-isoquinoline-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 

3'-Methoxy-biphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene-1 -sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
30 3-(S)-yl}amide trifluoroacetate; 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 



WO 96/40679 



PCT/US96/09816 



Biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyI)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Ethoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 5-Chloro-6-methoxynaphthalene-2-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6,7-dimethoxynaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

15 

7-Aminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[4-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
20 3-(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid [1-(3-aminomethylbenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide trifluoroacetate; 

25 Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
3-(S)-yl}methyl amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]pyrrolidin-3-(S)- 
yljamide bistrifluoroacetate; 

30 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2,5- 
dioxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopiperidin- 
35 3-yl}amide trifluoroacetate; 
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7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
azepan-3-(S)-yl}amide trifluoroacetate; 

7- Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

6- Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 6-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-6- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

15 

9,10-Dioxo-8a,9,10,10a-tetrahydroanthracene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

8- Chloro-7-methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)- 
20 benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7- Methoxynaphthalene-2-sulfonic acid {1 -[4-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 6,7-Dimethoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphtho(2,3-d)-(1 ,3)dioxole-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

30 

7-Benzyloxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 



7-Hydroxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 



WO 96/40679 



244 



PCT/US96/09816 



6- Hydroxynaphthalene-2-suIfonic acid {1 -[3-(aminoiminomethyI)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
5 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yi}amide trifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}methyl amide 
trifluoroacetate; 

7- Methylnaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrro1idin-3-(S)-yl}amide trifluoroacetate; 

7-Ethylnaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6-aminonaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrroiidin-3-(S)-yl}amide bistrifluoroacetate; 

7-Methylaminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

2-Methyl-1,2,3,4-tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

1,2,3,4-Tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}methyl amide 
dihydrochloride; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-nitrobenzyl)amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-aminobenzyl)amide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-nitrobenzyl)amide trifluoroacetate; 
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7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-aminobenzyl)amide bistrifluoroacetate; 

5 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(2-nitrobenzyl)amide trifluoroacetate; 

3-[2-Oxo-3(S)-(2-phenylethenesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

10 

3-[2-Oxo-3(S)-(2-phenylethanesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

[lmino-(3-{3-[7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxo-3(S)- 
15 pyrrolidin-1-ylmethyl]phenyl)methyl]carbamic acid ethyl ester; 

3-[2-Oxo-3(S)-{2-(pyridin-4-ylamino)-ethanesulfonylamino}-pyrrolidin-1- 
ylmethylj-benzamidine bistrifluoroacetate; 

20 2'-Methoxybiphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

25 

lsoquinolinyl-5-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}amide bistrifluoroacetate; 

5-Chlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
30 3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

2,4-Diaminoquinazoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

35 7-Methoxy-2-naphthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}ethylamide trifluoroacetate; 
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7-Methoxy-2-napthaienesulfonic acid {1-[3-(aminoiminomethyl)ben2yl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-fluorobenzyi)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)ben2yl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}(4-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; . 

10 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}napthalene-2-ylmethylamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-phenylallyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
20 3(S)-pyrrolidin-3-yl}(2-fluorobenzyl)amide trifluoroacetate; 

2-Fluorobiphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}methylamide trifluoroacetate; 

25 3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 

methoxynaphthalene-2-sulfonyl)amino]propionamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}naphth 
sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

30 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}biphenyl-4- 
sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)"yl}-7- 
35 methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 
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2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrroIidin-3-(S)--yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-ethyIacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N,N-dimethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate; 

10 2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N--(2-p-toluylethyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
15 methoxynaphthalene-2-sulfonylamino]-N-(3-phenylpropyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-(4-methylbenzyl)acetamide 
20 trifluoroacetate; 

2^{1-[3-(Aminoiminomethyl)benzy 

methoxynaphthalene-2-sulfonylamino]-N-[2-(3-fluorophenyl)ethyl]acetam 
trifluoroacetate; 

25 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-indan-2-ylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
30 methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-yl-ethyl)acetamide 
bistrifluoroacetate; 

4,5-Dichlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate 

35 

4,5-Dichlorothiophene -2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-methylamide trifluoroacetate; 
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4,5-Dichiorothiophene-2-suifonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}benzylamide trifluoroacetate; 

5 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-2-cyclopropylphenethylamide trifluoroacetate; 

3'-Methyl-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)--3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7^ 
methoxynaphthalene-2-sulfonyl)amino]-2-methylacetamide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
azetidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
azetidin-3(S)-yl}benzylamide trifluoroacetate; 

5,6,7,8-Tetrahydronaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(4-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate; 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-3-ylmethyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}(pyridin-4-ylmethyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(1-benzyl-1H-imidazol-2-ylmethyl)amide trifluoroacetate; 

10 (1-Methyl-1H-imidazol-2-yl)benzene-4-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-hydroxybenzyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-hydroxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
20 3(S)-pyrrolidin-3-yl}(pyrazol-3-ylmethyl)amide trifluoroacetate; 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

25 4-Pyridin-4-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophene-2-ylmethyl)amide trifluoroacetate; 

30 

4-Pyridin-3-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzylJ-2- 
oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 



N-Methylpyrid-4-ylphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 
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2-Methoxyquinoiine-7-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid {1-[3- 
5 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

4-(3-Chloropyridin-2-yloxy)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

10 4-(N-Oxidopyridin-3-yl)benzene-4-sulfonic acid {1-[3- 

(aminoiminornethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

4-Phenoxybenzene-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophen-3-ylmethyl)amide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1-[3-(methoxyaminoiminomethyl)- 
20 benzyl]-2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(cyanoaminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

25 6-Methoxynaphthalene-2-sulfonic acid {1-[3-(hydroxyaminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3-(S)-yl}-methylamide trifluoroacetate; 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihydrochloride; 

30 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylmethylamino)-2- 
oxopyrrolidin-1 -yl-methyl]benzamidine trifluoroacetate; 

N-(4-Carbamimidoyl-2434(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
35 oxopyrrolidin-1-(S)-ylmethyl}phenyl)acetamide trifluroacetate; 
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4»Amino-3-[3-(S)-(4-tert-butylbenzenesuIfo^ 
methyl]benzamidine trifluoroacetate; 

3- Amino-5-[3-(S)-(7-methoxynaphthate^ 
5 yl-methyl]benzamidine bistrifluoroacetate; 

{4-(Aminoiminomethyl)-2-[3-(7-methox 

oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate; 

10 {4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylam 
oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid trifluoroacetate; 

2-Chloro-6-nitrophenoxybenzene sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

15 

4- [3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylm 
thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyTO 
20 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

25 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4- [3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2-oxo- 
pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate; 

30 

5- {3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopy 
ylmethyl}thiophene-3-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)benzylamino]-2- 
35 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 



WO 96/40679 



PCT/US96/09816 



4-{3-(S)4(Methanesulfonyl)-(3-phenylpropyl)amino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(MethanesulfonyO 
5 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(4,5-Dichlorothiophene-2-sulfonyl)benzylamino]-2-oxopyrrolidin 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

10 4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)methyIamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-y 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide trifluoroacetate; 

15 

2-[[1-(5-Carbamimidoylthiophene-3-ylme%^ 

dichlorothiophene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

2^[1 -(5-Carbamimidoylthiophene^ 
20 methoxynaphthalene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

2-[[1-(4-Carbamimidoylthiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]^ 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

25 2-[[1-(4-Carbamimidoylthiophene-2-ylm^ 

chloro-3-methylbenzo[b]thiophene-2-sulfonyl)amino]acetic acid methyl ester; 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

30 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene^ 
35 aminonaphthalene-2-sulfonyl)amino]acetamide bistrifluoroacetate; 
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4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
5 oxopyrrolidin-1-ylmethyl}thiophene-2-c'arboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(6- 
amino-5-chloronaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

10 4-[3-(S)-(6-Aminonaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine dihydrochloride; 

5- [3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-l-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

15 

543-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
20 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

[Amino-(4-{3-(S)-(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 

oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate; 

25 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-N-hydroxycarboxamidine trifluoroacetate; 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
30 pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

35 443-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 
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4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(5-Chloro-3-methylbenzo[b]thiophene-2-sulfpnyl)methylamino]-2- 
5 oxopyrrolidin-1 -ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

2-{[1-(2-Carbamimidoylpyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}acetamide trifluoroacetate; 

1 0 2-{[1 -(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 
trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)-thiophen-3-ylmethylamino]-2- 
1 5 oxopyrrolidin-1 -ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino]-2- 
oxopyrrolidin-l-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

20 4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5- {3-(S)-[(7-Methoxynaphthalene-2-sulfonylamino]-2-oxopyrrolidin-1-ylmethyl}- 
furan-2-carboxamidine trifluoroacetate; and 

25 

4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]furan-2-carboxamidine trifluoroacetate. 

15. A compound according to claim 14 which is 

30 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate. 

16. A compound according to claim 14 which is 

35 

3'-Methoxy-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrroiidin-3-(S)-yl}amide trifluoroacetate. 
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17. A compound according to claim 14 which is 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 

18. A compound according to claim 14 which is 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
1 0 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 

19. A compound according to claim 14 which is 

7-Aminonaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
1 5 oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate. 

20. A compound according to claim 14 which is 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 

21. A compound according to claim 14 which is 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
25 methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate. 

22. A compound according to claim 14 which is 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
30 methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate. 

23. A compound according to claim 14 which is 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
35 methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-yl-ethyl)acetamide 
bistrifluoroacetate. 
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24. A compound according to claim 14 which is 

4,5-Dichlorothiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate. 

5 

25. A compound according to claim 14 which is 

3'-Methyl-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

10 

26. A compound according to claim 14 which is 

3- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate. 

15 

27. A compound according to claim 14 which is 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate. 

20 

28. A compound according to claim 14 which is 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate. 

25 

29. A compound according to claim 14 which is 

4- Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihydrochloride. 

30 

30. A compound according to claim 14 which is 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonyl-methylamino)-2- 
oxopyrrolidin-1 -yl-methyl]benzamidine trifluoroacetate. 
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31 . A compound according to claim 14 which is 

4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1-yl- 
5 methyl]benzamidine trifluoroacetate. 

32. A compound according to claim 14 which is 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
10 oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate. 

33. A compound according to claim 14 which is 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
15 thiophene-2-carboxamidine trifluoroacetate. 

34. A compound according to claim 14 which is 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
20 ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

35. A compound according to claim 14 which is 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
25 methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate. 

36. A compound according to claim 14 which is 

4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2-oxo- 
30 pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate. 

37. A compound according to claim 14 which is 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thjophene-2-sulfonyl)methylamino]-2- 
35 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

38. A compound according to claim 14 which is 
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2-[[1-(5-Carbamimidoylthiophene-3-yImethyI)-2-oxopyrroIidin-3-(S)-yi]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethyiacetamide trifluoroacetate. 

5 39. A compound according to claim 14 which is 

[Amino-(4-{3-(S)-(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate. 

40. A compound according to claim 14 which is 

4-{3-(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

41. A compound according to claim 14 which is 

4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate. 

42. A compound according to claim 14 which is 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate. 

43. A compound according to claim 14 which is 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
pyridine-2-carboxamidine trifluoroacetate. 

44. A compound according to claim 14 which is 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate. 



45. A compound according to claim 14 which is 
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2-{[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 

methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 

trifluoroacetate. 

5 46. A compound according to claim 14 which is 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

10 47. A compound according to claim 14 which is 

4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

15 48. The compound according to claim 1 of the formula 



R 

i 




wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
20 H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; X 6 is 
hydrogen or amino; and is selected from the group of formulae 
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15 



wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; and R, is 
selected from the group of formulae 
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15 50. A compound of the formula II 
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wherein X 3 , X 4 and m are as defined according to claim 1 , P, is alkyl, aralkyl or 
aryl, and P 2 is (alkyl, aralkyl or aryl)carbamate. 

5 

51 . A compound of the formula 




1 0 wherein Ar\ R, X,, X r , X 2 , X 2 , X 3 , X 4 , X 6 , X 6 ,, m and n are as defined according to 
claim 1 , and P r is (alkyl, aralkyl, or aryl)carbamate or as defined according 
to claim 1 . 

52. A compound of the formula X. 

15 




wherein Ar 1 , X v X r , X, X 2 ., X 3 , X 4 , X 6 , X s ., m and n are as defined according to 
claim 1 , and P 2 .. is hydrogen or (alkyl, aralkyl or aryl)carbamate. 

20 

36. A compound of the formula XII. 
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5 wherein X 1f X r , X, X 2 ,, X 3 , X 4 , X 6 , X 6 . and m are as defined according to claim 1 
and P 2 is (alkyl, aralkyl or aryl)carbamate. 

53. A pharmaceutical composition comprising the compound according to 
claim 1 and a pharmaceutical^ acceptable carrier. 

10 

54. A method for treating a patient suffering from a physiological disorder 
capable of being modulated by inhibiting an activity of Factor Xa by 
administering a therapeutically effective amount of the compound according to 
claim 1. 

15 

55. The method according to claim 54 wherein the physiological disorder is 
venous vasculature, arterial vasculature, abnormal thrombus formation, acute 
myocardial infarction, unstable angina, thromboembolism, acute vessel closure 
associated with thrombolytic therapy, percutaneous transluminal coronary 

20 angioplasty, transient ischemic attacks, stroke, intermittent claudication or 
bypass grafting of the coronary or peripheral arteries, vessel luminal 
narrowing, maintenance of vascular access patency in long-term hemodialysis 
patients, pathologic thrombus formation occurring in the veins of the lower 
extremities following abdominal, knee and hip surgery, a risk of pulmonary 

25 thromboembolism, or disseminated systemic intravascular coagulopathy 
occurring in vascular systems during septic shock, certain viral infections or 
cancer. 
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